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ip sOcLDISING ENZYMES... Lo THE NATURE OF 
THE “BEROXIDE” NATURALLY ASSOCIATED 
WITH CERTAIN DIRECT OXIDISING SYSTEMS 
IN PLANTS. ; ! 


By MURIEL WHELDALE ONSLOW. 
From the Biochemical Laboratory, Cambridge. 


(Received December 15th, 1918.) 


Tue following account records some experiments which throw additional 
light on the nature of the oxidising enzymes of plants. The dual nature of an 
oxidase, 7.e. peroxide-peroxidase, and the fact that one component, the 
peroxidase, is an enzyme, has been established by previous workers. The 
resolution of the system into its component parts has also been effected to 
some extent. 

The present work shows that the peroxide may arise by oxidation of an 
aromatic compound of a particular type of structure, the oxidation being 
activated by the peroxidase itself. It is also shown that the aromatic com- 
pound can be separated from the peroxidase by a purely chemical method, 
and that the two components can afterwards be reunited again. The peroxide 
once formed cooperates, in the usual way, with the peroxidase in carrying out 
further oxidation reactions such as are characteristic of “oxidases.” 


DIRECT AND INDIRECT OXIDATION AND THE GENERALLY ACCEPTED 
INTERPRETATION. 


It has been known for a long time that the tissues of many plants dis- 
colour or turn brown on injury, such as bruising, e.g. Potato tuber, Apple 
fruit?. The same phenomenon may be brought about in many cases by ex- 
posure of the tissues to chloroform vapour. A certain number of plants, on 
the other hand, do not show discoloration under similar treatment. 

Further, it has been shown that the expressed juices, or water extracts, 
of plants which exhibit discoloration on injury, when added to guaiacum 
tincture immediately produce a blue colour. The juices, or water extracts, of 
plants which do not discolour, do not give a blue colour with guaiacum 
tincture until hydrogen peroxide has been added. 


1 The discoloration on injury has been found to be characteristic of many or all members of 
certain Natural Orders, notably the Umbelliferae, Labiatae, Compositae and others. In other 
cases, only a fraction of the genera of an order apparently exhibit the phenomenon. Finally, in 
some orders, e.g. Cruciferae, the phenomenon is rare or possibly entirely absent [Wheldale, 1911] 
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It has been assumed, on the evidence of many investigators, that the 
phenomenon of discoloration of tissues on injury is connected with the action 
of oxidising enzymes. 

The hypothesis generally accepted in regard to oxidising enzymes is one 
which classifies these substances as direct and indirect. When either the juice, 
or water extract, of a tissue gives immediately a blue colour, ¢.e. an oxidation 
product, with guaiacum solution, the tissue is said to contain a direct oxidising 
enzyme, or oxidase. If, however, the blue colour only appears after addition 
of hydrogen peroxide, the tissue is said to contain an indirect oxidising enzyme, 
or peroxidase. It has been postulated that, in general, a system which turns 
guaiacum blue consists of a peroxide and a peroxidase: the peroxidase acts 
upon the peroxide and transfers oxygen in an active state to readily oxidisable 
substances, such as guaiacum. In the case of plant tissues which give the 
direct reaction, it has been suggested that some organic substance in the plant 
acts as a peroxide, while in tissues giving the indirect reaction, the peroxidase 
only is present, and the peroxide may be supplied artificially in the form of 
hydrogen peroxide. 

The original conception of the hypothesis of oxidising enzymes, which we 
owe to Chodat and Bach, was rather more complex than that outlined in the 
foregoing paragraph. These authors regarded an oxidase as consisting of two 
components, a peroxidase (as described above) and an oxygenase. “Als 
Oxygenasen bezeichnen Chodat und Bach den supponierten eiweisshaltigen 
oder organischen Anteil der bisherigen Oxydasen, der als Peroxyd bildender 
Korper sich mit dem Luftsauerstoff addierend, sich mit ihm zu einem K6rper 


: : a) : 
der allgemeinen Formel F< | verbindet. Mit anderen Worten, es sind fer- 


mentartige Korper, die sich mit dem Sauerstoff der Luft zu einem Peroxyd 
verbinden kénnen. Sie werden, wie andere fermentartige Kérper, durch 
Hitze zerstort, durch starken Alkohol gefallt, konnen vergiftet und geschadigt 
werden. Sie unterscheiden sich von gewohnlichen Peroxyden nur dadurch, 
dass sie wahrscheinlich hochmolekulare Kérper sind.’ [Chodat, 1910.] 


DEVELOPMENT OF THE ABOVE HYPOTHESIS SUGGESTED BY THE 
PRESENT WORK. 


The following modification of the hypothesis of oxidising enzymes, or, at 
any rate, of a certain class of these substances, is suggested from experimental 
evidence to be described later. 

In plants, which brown on injury and give the direct oxidase reaction, 
there is present a peroxidase and, in addition, some aromatic compound con- 
taining the dihydroxy grouping characteristic of catechol. On injury or 
autolysis, the peroxidase itself activates the oxidation of the aromatic com- 
pound, and the oxidised product constitutes a peroxide (of Chodat and Bach). 
The peroxide-peroxidase system so formed will then blue guaiacum tincture. 


& 
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It would appear, moreover, that in the above-mentioned plants the peroxidase 
is always associated with compounds containing the “catechol” grouping. 

It has been found possible to prevent the formation of the peroxide- 
peroxidase system by extracting the aromatic compound with alcohol, leaving 
the peroxidase in the tissue residue. The peroxidase can then only give the 
indirect reaction. On adding the extract of the aromatic substance to the 
peroxidase, the system can now be synthesised and will give the direct re- 
action. 

The above provides an extension of the system of Chodat and Bach, in that 
the peroxidase activates the formation of its own peroxide. 

In plants, on the other hand, which give the indirect reaction and do not 
brown on injury, it appears that the peroxidase is not associated with com- 
pounds containing the “catechol” grouping, nor will these enzymes activate 
the oxidation of such compounds. 

Aromatic compounds, such as those suggested, containing the dihydroxy 
grouping of the phenol catechol 


OH 


are widely distributed in plants [corroborated by Wolff, 1917 and Wolff and 
Rouchelman, 1917]. Such substances may be, in some cases, protocatechuic 
acid, protocatechuic aldehyde, caffeic acid or derivatives of these: 


COOH CH=CH .COOH 
ax aN 
} | 
SO se aoe 
OH OH 


There is evidence (based on the characteristic ferric chloride reaction) that 
plants, which brown on injury and give the direct reaction, do contain sub- 
stances of this nature and that they are absent from plants giving only the 
indirect reaction. 

It has been shown that the peroxidases of plants which give the direct 
reaction when added to solutions of catechol, protocatechuic and caffeic acids 
(on neutralisation), give brown oxidation products which are in effect per- 
oxides. On addition of guaiacum to the mixture of the oxidised product and 
peroxidase, a blueing takes place. The same result is also obtained using the 
aromatic substance extracted from the plant itself. 

The peroxidases of plants which give only the indirect reaction, on the 
other hand, do not act upon catechol, protocatechuic acid, etc., and no system 
blueing guaiacum is formed in their presence. 

Hence it is to be pictured that, on injury or autolysis of tissues which dis- 
colour, the peroxidase comes into contact with a “‘catechol-lke” substance 
whose oxidation it activates. Extracts or juices of the tissues will then blue 
guaiacum. 


1—2 


~- 


a M. W. ONSLOW 


The conception of peroxidases, which oxidise polyphenols in the absence 
of hydrogen peroxide or other peroxide, differs from that formulated by 
Chodat and Bach. It might be maintained that the peroxidase used in the 
present account had traces of peroxide as impurity: even if this were so, the 
enzyme must still be defined as a peroxidase, since it is without action on 
guaiacum except in the presence of added hydrogen peroxide. 


PREPARATION OF THE PEROXIDASE. 


The employment of either expressed juices or aqueous extracts of tissues 
is not recommended for use in experiments on oxidising enzymes, since the 
presence of numerous other substances (sugars, tannins) largely interferes 
with the action of the enzymes. Moreover, in such liquids, on standing, re- 
actions of many kinds may take place including those of reduction. Hence 
the following method of procedure has been employed, and either the fruit 
of the Pear or the tuber of the Potato may be used as material, though the 
method has been applied to other plants. The tissues are very rapidly pounded 
and extracted with cold alcohol, whereby the enzymes are precipitated and 
retained in the cell residue, while other substances, such as sugars and aro- 
matics, are more or less completely removed. 

The tissue of the Pear fruit constitutes a simpler case than that of the 
Potato tuber, since the latter contains, in addition to a peroxidase, a tyrosinase 
and a substance which it oxidises, presumably tyrosine. It is to the latter 
reaction that most of the darkening of expressed Potato juice is due. Tyro- 
sinase, however, has no action on guaiacum [Chodat, 1910]. If Pear fruit is 
employed, it is advisable to select a variety which browns rapidly on injury, 
as the aromatic content, and possibly the activity of the peroxidase, may 
vary in different varieties. 

For preparation of the peroxidase, a pear (or potato) is peeled, and fiat 
it are cut thin slices which are rapidly pounded in a mortar, after adding 
sufficient 96% alcohol to prevent, as far as possible, any exposure of the 
tissue to air. The alcohol is then quickly filtered off on a filter pump. The 
residue can then be ground with more alcohol and filtered. The process should 
be repeated two or three times, and the grinding should be very thorough. 
After the final filtering, a white powder is left containing the insoluble residue 
of the cells including the peroxidase. 

If a cold water extract of the residue be made and filtered, the following 
points can be demonstrated: 

(a) It does not darken on standing in air. (A very slight darkening may 
take place after standing a number of hours.) 2 

(b) Added to guaiacum tincture, it produces no blue colour within the 
time usually allowed for a positive reaction. 

(c) Added to guaiacum tincture and hydrogen peroxide, a deep blue colour 
is obtained. 
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From the above results it appears that the alcohol has removed some part 
of the system responsible for darkening and for the direct reaction. This point 
will be considered again later (see section on extraction of aromatic sub- 
stances). | 

Another point to be noted is that if the grinding is not sufficiently rapid, 
the residue may be discoloured, in which case the water extract of the residue 
may give some direct reaction. This will also be considered later (see section 
on laccase). 

Similar results to the above were obtained with the tissues of fruits of the 
Apple and Greengage. 


ACTION OF THE PEROXIDASE ON SOLUTIONS OF VARIOUS PHENOLS 
AND AROMATIC ACIDS. 


_ If an aqueous solution of the Pear (or Potato) peroxidase (as prepared in 
the previous section) is added to a dilute solution of pure catechol, a yellowish 
tint is rapidly developed which eventually deepens to a yellowish-brown. It 
was also shown by performing the experiment in a closed vessel attached to 
a gas burette that there was an absorption of oxygen during the action of the 
peroxidase on catechol. If some of this oxidised solution, also containing 
peroxidase, is added to guaiacum tincture, the latter is immediately turned 
blue. 

With a solution of protocatechuic acid, instead of catechol, the same result 
is obtained, but only if the protocatechuic acid is first neutralised. 

Solutions of the peroxidase, together with guaiacum tincture, were also 
added to solutions of other phenols, 7.e. phenol, quinol, resorcinol, pyrogallol 
and phloroglucinol, and to various acids, 7.e. gallic, tannic, benzoic and sali- 
cylic, each acid being neutralised with sodium carbonate before the addition 
of the enzyme. The solution of pyrogallol turned brown, and there was some 
darkening with quinol, but when guaiacum was subsequently added, there 
was no appreciable blueing in any case. 

It would thus appear that the Pear and Potato Pera dah are able to 
activate the oxidation of compounds containing the catechol nucleus, and 
that the oxidation products can act as peroxides as regards the oxidation of 
guaiacum. 

The action of the Pear and Potato enzymes on a crude solution of caffeic 
acid was examined in the following way. Coffee berries contain cafleatannic 
acid which is said to be a glucoside of caffeic acid. The ground berries were 
extracted with hot water, filtered, and the filtrate precipitated with lead 
acetate. A yellow precipitate of the lead salt of caffeatannic acid separated 
out. This was decomposed with sulphuric acid, filtered from lead sulphate and 
neutralised. When the Pear peroxidase was added to this neutralised extract, 
followed by guaiacum tincture, a blue colour was obtained. It is to be supposed 
that the berry contains some free caffeic acid, since the caffeatannic acid has 
both hydroxyls replaced by sugar. 
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A similar browning of catechol solution, followed by blueing when 
guaiacum tincture is added, was obtained with enzymes from the following 
tissues (prepared in the way above described by treating with cold alcohol, 
and extracting the tissue residue with water): fruit of Apple and Greengage: 
leaf of Pear: flowers of Horse Chestnut (sculus Hippocastanum), and of a 
white variety of Foxglove (Digitalis). There is reason to believe that the 
enzymes of all plants which brown on injury and give the direct oxidase 
reaction (such as those above mentioned) will behave in the same way towards 
catechol and subsequently guaiacum. 

The peroxidase from the fruit of Apple behaves like that of the Pear and 
Potato towards protocatechuic acid and crude caffeic acid, and also subse- 
quently towards guaiacum. 

On the other hand enzymes (by alcohol) from leaves of Yellow Alyssum, 
flowers of Mallow (Malva moschata var. alba), white Stock (Matthiola) and 
white Arabis were without action on catechol, and there was no blueing on 
subsequent addition of guaiacum tincture. The tissues of these plants give 
no browning on injury and no direct guaiacum reaction. 


EXTRACTION OF AROMATIC SUBSTANCES, 


This is carried out by cutting pears (or potatoes) into thin slices as rapidly 
as possible, and dropping the slices immediately into boiling 96 °% alcohol. 
After boiling for a time, the hot alcohol is filtered off. The filtrate is then 
distilled «x vacuo until all the alcohol is removed. The residue consists of a 
comparatively small bulk of a turbid aqueous solution of those substances 
which have been extracted by alcohol, the water being largely derived from 
the tissue of the fruit or tuber. To this extract, after filtering, a concentrated 
solution of lead acetate is added. A pale yellow precipitate is formed, and the 
acetate is added until no more precipitate is produced. The latter is filtered 
off and washed. It is then decomposed with the minimum amount of sulphuric 
acid, and the lead sulphate filtered off. 

A portion of this filtrate is nearly neutralised (to litmus) with caustic 
potash solution, and with it the following tests are made: 

(a) On addition of a few drops of 4% ferric chloride solution, a green 
colour is produced. On further addition of a little dilute sodium carbonate, 
the green colour changes to bluish-purple and finally to purplish-red. 

(b) An aqueous extract of the Pear (or Potato) peroxidase (prepared by 
alcohol) is added. The solution of aromatics, which has only a yellowish- 
brown tint, rapidly darkens to a deeper brown on standing about an hour. 

(c) On addition of guaiacum tincture to the solution in (6) at any time 
within an hour after the addition of the peroxidase, a blue colour is obtained. 

On addition of guaiacum tincture to the solution of aromatics which has 
been allowed to stand for some time without the presence of peroxidase, no 
blue colour is obtained within the time usually allowed for its appearance. 
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[The result in (a) is also given by extracts of the Apple and Greengage fruits 
and leaves of Pear, all of which brown on injury. There is no such result with 
extract of Alyssum leaves, which do not brown on injury. | 

The remainder of the filtrate is then extracted with ether several times 
and the ether distilled off. The residue ig taken up in water and the same test 
with ferric chloride repeated. It will be found to give the same reaction. It 
is not advisable to use the ether extract for testing with the oxidising enzyme, 
since ether itself may contain peroxides which complete the system. | 

From the above observations it is clear that hot alcohol will extract from 
the fruit (or tuber) a substance which is precipitated by lead acetate and is 
also soluble in ether. It gives a reaction with ferric chloride and sodium car- 
bonate which is characteristic of catechol, protocatechuic acid, protocatechuic 
aldehyde and caffeic acid, all of which substances contain the ortho-dihydroxy 
grouping. This reaction will be referred to as the “catechol” reaction. It is 
also clear that the oxidation of the substance extracted in this way can be 
activated by the peroxidase, and the product of oxidation can function as a 
peroxide thus completing the system which oxidises guaiacum. 

If the solution is neutralised before extraction with ether, the latter does 
not appear to extract the aromatic substance. 

The precipitation by lead acetate, and the solubility in alcohol and ether, 
point to a resemblance between the aromatic substance of the Pear (or 
Potato) and both catechol and protocatechuic acid. 

A similar and probably identical substance giving the “catechol” reaction 
was obtained by Reinke [1882] by hydrolysing Potato juice with hydrochloric 
acid and extracting with ether. It had been previously shown by Preusse 
[1879] that from a neutral or alkaline aqueous solution catechol can be ex- 
tracted by ether, but not protocatechuic acid. Reinke obtained no substance 
giving the ‘“‘catechol” reaction on ether extraction of the hydrolysed potato 
juice after neutralisation, and hence he concluded that the substance he 
described was not catechol. This conclusion appears to be confirmed by the 
experiments described in the present account. Reinke was also unable to 
identify his product with protocatechuic acid on account of its ready solu- 
bility in water, protocatechuic acid being only slightly soluble. Reinke 
suggests caffeic acid as the only alternative. The fact that the substance 
described in the present account is not extracted by ether from neutral 
aqueous solution indicates that it is probably an acid, but for complete identifi- 
cation it would be necessary to prepare it on a larger scale. 


RELATIONSHIP BETWEEN THE PEROXIDASES OF THE PEAR AND POTATO 
AND LACCASE. 


The direct oxidases of plants have generally been termed laccases by 
previous investigators [Chodat, 1910]. They are soluble in water, from which 
solution they can be precipitated by alcohol. Hence the method of preparation 
is usually by precipitation of the expressed plant juices by alcohol. 
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From results described in the present account it appears possible that 
many of the so-called laccases may be produced by the adsorption of a certain 
amount of the oxidised aromatic (produced during crushing and extraction) 
by the precipitate (by alcohol) containing the crude peroxidase. On redis- 
solving in water, both peroxide and peroxidase will be present. It has been 
noted already that if the Pear (or Potato) tissue is either allowed to brown 
while pounding with alcohol, or is insufficiently extracted, the residue may be 
coloured, and in this case the water extract of the residue will give a direct 
guaiacum reaction. 

It has been found that in the case of some tissues giving the direct reaction, 
it is practically impossible to prevent browning during maceration with 
alcohol, so that the residue is always somewhat coloured, and consequently 
the water extract gives the direct reaction. 


INHIBITION OF OXIDISING ENZYMES. 


It has been observed by several investigators that the action of oxidising 
enzymes may be inhibited by the presence of tannin, and, possibly, sugars. 
There is reason to believe that many plants may contain an enzyme of the 
type of that in the Pear fruit and Potato tuber, and also an aromatic with the 
catechol grouping, and yet, on injury, no browning takes place owing to 
inhibition by tannin present in the tissues. 


CONCLUSIONS. 


1. The tissues of many plants (e.g. fruit of Pear, tuber of Potato), on 
injury or exposure to chloroform vapour, turn brown: in other plants no 
browning occurs. Extracts of tissues which brown give the direct oxidase 
reaction with guaiacum: of those which do not brown, the indirect reaction 
only. 

2. It would appear that the direct oxidase system in the Pear fruit and 
Potato tuber is due to the presence of a peroxidase (which blues guaiacum only 
on addition of hydrogen peroxide) and an aromatic substance giving the 
reaction characteristic of the catechol grouping. On imjury, the peroxidase 
activates the oxidation of the aromatic with the formation of a peroxide. The 
peroxide-peroxidase system so formed will then blue guaiacum. 

3. The aromatic substance giving rise to the peroxide can be extracted 
and separated from the peroxidase, thus preventing formation of the system. 
The system can be synthesised afterwards by combining the extracted 
aromatic and the enzyme. 

4. There is evidence that in plants in general which brown on injury the 
peroxidase is associated with an aromatic substance giving the reaction 
characteristic of the catechol grouping. In such plants the peroxidases activate 
the oxidation of the aromatic substances (either obtained from their tissues 
or supplied from an artificial source) giving rise to peroxides, and the system 
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peroxide-peroxidase will then blue guaiacum. (In some plants however of this 
type the action may be masked or inhibited on injury by presence of tannins 
or other substances.) 

5. Plants which do not brown on injury (and in which there is no apparent 
inhibition) do not contain a substance with the catechol grouping, and their 
enzymes do not catalyse the oxidation of substances with such a grouping. 


This work is part of an investigation of oxidase action and fruit discolora- 
tion carried out for the Food Investigation Board under the general direction 
of Dr F. F. Blackman at the Biochemical Laboratory, Cambridge. 
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THe EFrect oF ALKALIES ON THE GROWTH OF BaciLLuS COL. 


In an earlier paper [Wyeth, 1918] it was shown that the final reaction pro- 
duced by B. coli grown in 2 % glucose peptone was dependent upon the initial 
reaction of the medium, and was not a “ physiological constant” as had been 
suggested by Michaelis and Marcora [1912]. 

The results obtained by the use of different media and acids were recorded 
for various initial reactions lying between Py, = 4:23 and absolute neutrality 
(Py = 7-00). Since the introduction of the hydrogen electrode as a means of 
measuring the reaction (P4,) of liquids few results of the investigations of the 
growth of B. coli in media initially more alkaline than Py = 7-00 have been 
recorded. It was thought desirable, therefore, to supplement the former 
research by making an examination of the behaviour of B. coli when grown 
in 2 % glucose peptone made alkaline by the addition of N sodium hydrate: 
an endeavour also being made to determine a “‘limiting value” of alkalinity, 
above which the growth of the organism is inhibited. 


Material and Experimental Methods. 


Pure cultures of B. coli obtained from human faeces were used. Experi- 
ments described in a former paper indicate that no differences in behaviour 
exist between strains of human and bovine origin. In this connection it may 
be noted that Murray [1916] made a comparative study of B. coli isolated 
from the faeces of man, horse, and cow. He agrees that all the strains prepared 
exhibited remarkable similarity of behaviour, and especially as regards their 
acid production. 

A sterile 4°% glucose peptone medium was prepared by the method 
described in the former paper. It was then rendered alkaline by the addition 
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of N sodium hydroxidet. If the alkali be added before sterilisation, caramelisa- 
tion,—with consequent production of acids,—occurs and the medium does 
not attain the desired degree of alkalinity. The following procedure was 
therefore adopted. A number of flasks each containing 125 cc. of 4 % glucose 
peptone were prepared. To the contents of each flask the required volume, 
viz. (125 — x) ece., of distilled water was added. The media were then sterilised 
by heating in an autoclave for 1 hour at 120°, allowed to cool, and finally the 
necessary volume (xz cc.) of sterile N NaOH was added to the contents 
of each flask, which finally contained 250 ce. of sterile 2 % glucose peptone 
rendered alkaline with x cc. of N NaOH. In the series of experiments per- 
formed, the value of z was varied from 0 to 7-0 cc. of N/10 NaOH per 10 ce. 
of medium, and the initial reactions of the media ranged from Py = 7:0 to 
Py = 11-0. Inoculation was performed by adding to each 250 cc. of medium 
0:5 ec. of a pure culture of B. coli grown for 18 hours in 2 % glucose peptone. 
The inoculated media were then incubated at 37° for 9 days, previous experi- 
ments having shown that the fermentation, as measured by change of final 
reaction (P,,;) was practically complete at the end of the eighth day. 


Results of Inoculation Experiments. 


In the data given below H,, Hg, etc. refer to strains of B. coli obtained 
from human faeces. Final Py, is the lowest value recorded during a period of 
216 hours, and the + sign shown in column 5 of the table indicates that a 
positive result was obtained as regards fermentation, etc., while “0” indicates 
that a negative result was obtained. 


Table I. B. coli grown in 2 % glucose peptone rendered alkaline by 
the addition of N NaOH. 


Strain of B. coli used, H,. 
Time of incubation at 37°, 216 hours. 
Temperature of experiment, 20°. 


Ce. of N/10 Ce. of N/10 Ce. of N/10 
NaOH* per Tnitial Final NH, produced volatile acids 
No. of 10 ce. of reaction reaction Fermen- per 10 ce. of | produced per 
flask medium Py : Py tation medium 10 ce. medium 
1 7-0 10-80 ~- 0 os — 
2 6-0 10-50 a= 0 -- _ 
3 5-0 10-28 - 0 — — 
+ 4-0 9-82 4-82 + 0-02 2-65 
5 35 9°72 4-81 + 0-03 2-78 
6 3-0 9-51 4-8] + nil 2-80 
7 2:5 9-40 4-79 + nil 2-68 
8 2-0 8-97 4-72 + nil 2-65 
i) 1-0 8-51 4-64 + 0-02 2-75 


* Equivalent volumes of N NaOH were used. 


1 N NaOH was used since a higher Pg was required than could have been obtained by the 
use of V/10 NaOH, the approximate reaction of which is Py =10-00. For ease of comparison the 
equivalent amounts of V/10 NaOH are shown in the tables. 


12 Kr. J. 5S. WYETH 


Consideration of Baperimental Data, 


The above results are typical of a large number obtained in several series 
of experiments, and of these the final P,, values are represented graphically 
in Fig. 1, Curve I. It is obvious that, as in the case of B. coli grown in a 2% 
glucose peptone medium possessing an initial reaction less than Py, = 7-0, the 
final reaction produced by the organism when grown in alkaline glucose peptone 
(i.e. Whose initial reaction is more alkaline than Pj, = 7-0) is dependent upon 
the initial reaction (Pj) of the medium, although it varies within narrow limits. 
[t was found that growth is permitted by a solution the initial reaction of which 
is Py, = 9°82, but that a medium of initial reaction Py, = 10-28 inhibits growth. 
There is therefore a ‘limiting value” for the initial reaction of alkaline 
glucose peptone which lies somewhere between these two values. The final 
acid reaction reached by a culture of B. coli in alkaline glucose peptone of the 
highest permissible degree of alkalinity (7.e. initial reaction Py = 9-82) is such 
that its Pj, = 4:82 which is identical with that determined by Clark [1915] as 
the final acid reaction of “human” B. coli grown in a medium containing | % 
Witte peptone + 1 % glucose. 

In the ‘“‘reaction resultant” curve for B. coli in 2 % glucose peptone shown 
in Fig. 1 (1) the initial reactions plotted on the 120° axis are so chosen as to 
cover the whole range of acidity and alkalinity within which growth of the 
organism in this medium is permitted. The form of the curve representing 
the final reactions (P,,) recorded shows that they form an ordered series lying 
between the acid limit of (approximately) Py = 4-27, and the alkaline limit 
of (approximately) P}, = 4:82. Further, the connection existing between the 
initial reaction of the medium and the final reaction of the resulting culture 
is such that a change in the reaction of the former, whether it be in the acid 
or in the alkaline direction, produces a corresponding, but much smaller, 
change in the latter. The form of the reaction resultant curve in Fig. 1 (1) 
shows also that the resultant reactions obtained throughout the whole range 
of bacterial activity are due to the production of constant amounts of acid. 
In addition to measuring the final reactions of the cultures a quantitative 
determination of the principal products of fermentation was made, some of the 
results of which are shown in Table I, columns 6 and 7. It was found that 
practically no ammonia is formed during the fermentation, and that, although 
considerable volumes of volatile and fixed acids are formed, the actual amounts 
of each are approximately constant throughout the whole range of experiment, 
thus confirming the inference drawn from the form of the reaction resultant 
curve (Fig. 1 [I]). It is evident that the fermentation of B. coli in glucose 
peptone is to all intents and purposes exclusively saccharolytic. In order to 
find whether proteolysis supervened after saccharolytic fermentation was 
complete a number of cultures were allowed to ferment for more than 9 days. 
In a number of instances a rise of E.M.F. equal to 1-2 millivolts was observed, 
and this was sufficiently constant in occurrence to prohibit the assumption 
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that it was always due to experimental error, although it must be conceded 
that such a variation in any individual culture certainly does fall within the 
limits of experimental error. That so small a reversion in the alkaline direction 
is found only in a certain proportion of the cultures proves conclusively that 
no appreciable amount of proteolysis occurs. 

By constructing a titration curve for acetic acid in 2% glucose peptone 
and using this in conjunction with the initial reactions of the cultures subjected 
to quantitative examination, and also with the amounts of acid formed therein, 
a curve was constructed showing what would be the reaction resultants 
theoretically produced by the formation of the volumes of acid actually found 
as a result of these experiments. This curve was of the same shape as that 
resulting from the final reactions (Pj) actually found, and given in Fig. | [1]. 
The conclusions arrived at after an examination of the initial and final re- 
actions (P,,) of the cultures, and after a quantitative determination of the 
products of fermentation are therefore found to be in absolute agreement. 
It must be concluded that neither in the acid, nor in the alkaline range of 
initial reactions (Pj) is the final acid reaction attained by cultures of B. cola 
in 2 % glucose peptone a physiological constant. It has already been shown 
[ Wyeth, 1918] that the degree of acidity necessary to inhibit the fermentation 
of B. coli in a given medium is subject to very shght variations when different 
acids are added to produce the initial acid reaction of the medium, and it is 
possible, therefore, that similar small variations of the alkaline inhibition- 
point may be caused by varying the alkali used to produce the initial alkaline 
reaction of the medium. Similar—but larger—variations may be expected 
to result from the use of different media, as has already been demonstrated 
for glucose peptone and glucose phthalate media whose initial reactions lie 
between P,, 4:0 and 7-0. It may be permissible, perhaps, to point out that in 
certain parts of the reaction resultant curve of B. coli grown in 2 % glucose 
peptone, the final reaction resultant values present so little variation that it 
is only by the comparison of a large number of cultures, the initial reactions 
(P,,) of all of which have been accurately measured by means of the H-elec- 
trode, that it is possible to detect this ordered relationship between the initial 
and final reactions of the cultures. As will be shown below, this applies to a 
less extent to the curve for cultures of the same organism in 2 % peptone. 
The very narrow limits between which the final reactions produced by B. cola 
grown in 2 % glucose peptone (or similar media) can vary, appears to have led 
a number of earlier investigators,—few or none of whom appear to have 
subjected the initial reactions of their media to small and accurately-measured 
variations,—to postulate a physiological constant for the final reaction of 
B. coli grown in the media with which they experimented. 

The results recorded in an earlier paper, together with those now pre- 
sented, conclusively disprove the existence of such a constant for B. coli, and 
Wolf and Harris [1917] arrive at the same conclusion as regards B. sporogenes 
and B. perfringens. 


™~ 
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INDOLE PRODUCTION BY B. COLI GROWN IN 2 °/, PEPTONE. 


Since the indole test is so frequently employed for diagnostic purposes, and 
as a proof of the presence of faecal coli in water and other media, it was thought 
desirable to determine whether indcle production ran parallel with the growth 
of the organism, as measured by the change of Py occurring in the medium 
employed, or whether fermentation unaccompanied by indole formation could 
be demonstrated. 

The influence exerted by acids and carbohydrates upon the production of 
indole in cultures of B. coli has already engaged the attention of a number of 
investigators, but few exact measurements of the true acidity of such cultures 
appear to have been made. Although the primary object of the experiments 
described below was to determine the effect, if any, of acids and alkalies upon 
indole production it was found impossible entirely to separate this question 
from the much wider one of the influence of carbohydrates upon indole forma- 
tion, since, as will be shown, the statements made by certain investigators 
regarding this latter. phenomenon are by no means concordant. It was there- 
fore considered desirable to undertake a number of experiments involving the 
use of peptone containing various carbohydrates. 

Peckham [1897] found that the indole production of B. coli may be taken 
aS an approximate measure of the amount of protein digestion due to the 
organism. 

Theobald-Smith [1897] found that on the third or fourth day of incubation 
B. coli cultures in bouillon gave the indole reaction when the acidity was equal 
to NV /100 (by phenolphthalein), or when litmus was coloured faintly blue by 
the liquid, while with Dunham’s solution a well-marked violet-red colour was 
developed at the end of three days. He suggests that B. coli and other faculta- 
tive anaerobes can produce indole only when they are in contact with oxygen. 

Marshall [1907] showed that B. coli grown for five days at 37° in peptonised 
beef broth containing 2-0 °% lactose failed to produce indole. 

Glenn [1911] added considerably to our knowledge of the influence of 
carbohydrates on the production of indole by B. coli. His chief results are 


shown below. 
Indole production 


% acid hours 
Gas produced —<—— 
Medium production in 4 days 24 48 72...216 
1% peptone oe 0 - + “Hoh 
1 % peptone + 1 % glucose ac 2-2 = = 5 
1 % peptone + 1 % saccharose + 1-2 _ = Sie = 
1 % peptone + 1 °% lactose + 2-0 = = Sg aes 
1 % peptone + 1 % mannitol + 2-0 ~ - wa 
1 % peptone + 1 % starch ~ 0 + + tenet 


He found that, in the case of B. coli, both glucose and lactose inhibit the 
production of indole, but, with Proteus vulgaris, lactose does not exert an 
inhibitory effect. He considers that his results ‘do not disprove the conclusion 
that the production of acid inhibits the formation of indole,” and he concludes 
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also that the presence of 1%, or more than 1% of glucose always inhibits 
the production of indole by B. coli grown in peptone!. With Proteus vulgaris he 
found that the addition of lactic acid sufficient to produce an acidity equal to 
that of 0-5 % lactic acid inhibits indole production but that less than 0-5 %, 
of the acid does not produce an appreciable retardation of the process. 

Fischer [1915] found, however, that of the sugars, lactose, maltose, 
galactose, fructose, and glucose, only the last named completely retards the 
formation of indole. Total inhibition occurs after 43 hours in a medium con- 
taining from 1-80 to 2-25 °% of glucose. He considers that the acids formed 
play no role in causing the retardation and that neither the H-ion concentra- 
tion nor the concentration of the undissociated acids can be taken as the 
reason of the retardation. He concludes that the acid curves he constructed 
as well as the retardation experiments he performed with a mixture of galac- 
tose and glucose, make it appear possible that lactose is not first hydrolysed 
by B. coli but is fermented as such. The cause of the retardation, he suggests, 
depends upon a peculiar property of the glucose which enables it to inactivate 
the proteolytic enzyme produced by the B. colv. 

Homer [1916] suggests that the lessened indole formation resulting from the 
activity of B. coli in glucose-containing media is due to the formation of a 
glucose-tryptophan complex which is less easily attacked than is tryptophan 
itself. This complex she regards as chemically unsuitable for bacterial de- 
composition and hence a lessened growth of B. coli ensues. 

Zunz and Gyorgy [1916] found it possible to grow B. coli in “l'eau physio- 
logique” and in “l'eau physiologique + 1% peptone” and that in these 
media indole formation occurred in less than 36 hours and 16 hours respec- 
tively. They conclude that indole production by B. coli depends upon the 
medium being rich in tryptophan and that the presence of certain carbo- 
hydrates inhibits the reaction. Unhke Glenn, they found that a medium 
containing peptone water + 1 % saccharose permits growth of B. coli together 
with indole formation within 96 hours—but not within 24 hours—after 
inoculation. Fischer does not appear to have experimented with saccharose, 
but, like Zunz and Gyérgy—and unlike Glenn—he found that neither 1 % 
lactose nor 1 °%, maltose added to a peptone medium sufficed to inhibit the 
formation of indole by B. col. 


Material and Experimental Methods. 


A number of media containing 2 °%4 peptone were prepared and inoculated 
by methods similar to those previously described. The initial reactions of the 
tubed media were produced by the addition of either N/10 HCl or N NaOH 
in such quantities as to produce 20 different media whose initial reactions 
ranged from Py = 4-0 to Py = 10-0. In addition a number of tubes of 2 % 

1 Wolf has recently examined thirteen strains of B. proteus isolated from wounds, and has 


found that none of them produced indole. It is possible that Glenn was working with impure 
strains of this organism. 
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peptone of approximate neutral initial reaction (Py = 7-0) were prepared 
each containing 2 % of one of the following carbohydrates: glucose, maltose, 
lactose, saccharose, starch and of mannitol. 

In order to determine the influence, if any, exerted by acids or alkalies 
upon indole formation in 2 °% peptone a number of sets of the tubes of this 
medium first mentioned above were inoculated with B. coli and incubated at 
37°. They were tested for the presence of indole and the Py, of the cultures 
recorded at the end of 0, 4, 8, 24 hours after inoculation and then at intervals 
of 24 hours to the end of the ninth day of incubation. The rosindole and 
vanillin-hydrochloric acid tests were employed in determining the presence 
or absence of indole in the cultures. A number of the results obtained are 
embodied in Tables II and III, and on p.19. The B. colv used were of faecal 
origin, and no differences were exhibited between those of human and those 
of bovine origin. 

The results obtained with a number of cultures of B. coli grown in 2 % 
peptone, containing no glucose but having been made of different initial 
reactions (P;,) may be summarised as follows: 

(i) Whether the medium be rendered acid (initial reaction P,, less than 
7-0) by the addition of N/10 HCl, or alkaline (initial reaction Py greater than 
7-0) by the addition of V NaOH, indole production always occurs if the initial 
reaction of the medium be such as permits fermentation to take place. 

(ii) If the initial reaction (P,) of the medium approximate to either the 
acid (Py, = 4:30) or the alkaline (Py = 9-37) limiting value for the growth of 
B. coli in 2 % peptone, the indole formation is subject to well marked retarda- 
tion, in some cases being delayed for 144 hours, whereas over the greater part 
of the range of the initial reactions employed indole is formed within 4 to 8 
hours after inoculation. 

(ii) No matter what may have been the initial reaction (Py) of the 
medium, indole was never detected in the culture unless and until its reaction 
reached a value lying between Py = 4:70 and Py, = 9:20. Thus in aculture, 
the initial reaction of which was Py = 4:33 and of which the acidity ultimately 
fell to Py, = 5-92, the production of indole was not observed until the expira- 
tion of 144 hours after inoculation, the reaction of the culture then being in 
the neighbourhood of Py = 4:80. Similarly, in a culture of initial reaction 
Py = 9-37, the alkalinity of which eventually diminished to Pj, = 8-55, indole 
was first detected 96 hours after inoculation when the reaction of the culture 
was found to be Py = 8-80. On the other hand with cultures whose initial 
reactions lay between Py = 8:89 and P, = 5-20 indole invariably was found 
in less than 24 hours after inoculation. 

In no case was the presence of skatole detected. 


Consideration of Results of Experimental Data. 


It would appear that the presence of indole in a culture may safely be 
taken as an indication of the presence of B. coli of faecal origin, but that its 
Bioch, xr 2 
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production—like the growth of the organism itself—is retarded by the presence 
in the medium of an excess of free acid or alkali. The inhibition of indole 
formation may, however, be one result of a lowered vitality of the B. cola 
consequent upon the presence of this excessive amount of acid or alkali, and 
it may even be a precursor of the death of the organism, brought about by 
the action of these substances. The results of these experiments appear to 
confirm Fischer's statement that the acids and alkalies formed as a result of 
fermentation by B. coli do not cause an inhibition of indole production. On 
this point Glenn comes to no definite conclusion although he appears to lean 
towards the opinion that the inhibition of indole formation may be due to the 
presence of acids formed during fermentation. 

In experiments with B. coli grown in 2 % peptone, had the indole formation 
occurred only in the most acid media of the series under examination it might 
be argued from a comparison of Curves | and II of Fig. | that the inhibitory 
effect produced by the addition of glucose to a peptone medium might be due 
solely to the production of acids as a result of saccharolytic fermentation. 
This would, at first sight, appear to be more probable since the final acid 
reactions produced by B. coli fermenting in 2 % glucose peptone lie between 
Py = 4:27 and Py = 4:82. Indole formation is completely inhibited in cultures 
of B. coli in 2 % glucose peptone throughout this range of reaction, and also 
in 2% peptone media so long as their reactions remain more acid than 
P,, = 4:70. Since in the latter cultures the inhibition is obviously the result 
of added acid, and the two ranges of reaction are practically identical, there 
is at hand an obvious explanation of the inhibitory action due to the presence 
of glucose in the former class of cultures. This explanation, however, cannot 
be correct for the following reasons: 

(i) At no period during the fermentation of a 2 % glucose peptone medium 
does B. coli produce indole even when in the initial stages of the process the 
reaction of the culture is much less acid than Py = 4-82 or Py = 4-70. 

(ii) The retardation of indole formation by B. coli fermenting in 2% 
peptone occurs not only when excess of acid is present but also when there is 
excess of alkali present in the medium. Inhibition persists so long as the 
reaction of the culture is more alkaline than P,, = 9-20. It appears probable 
therefore that the inhibition of indole formation in cultures of B. cola in 
peptone containing excess of either acid or alkali is due to a cause entirely 
different from that which operates when the inhibition results from the 
presence of glucose in the medium. In the former case the inhibition may be 
due to a lowered vitality of the organism, produced by the action of the free 
hydrogen or hydroxyl ions present, while in the latter instance the cause of 
the inhibition may be attributed to a peculiar property of the glucose, which 
enables it to inactivate the proteolytic enzyme of the B. colt. 
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THE INFLUENCE OF CERTAIN CARBOHYDRATES AND ALLIED COMPOUNDS 
UPON THE PRODUCTION OF INDOLE IN PEPTONE MEDIA. 


For these experiments the tubed media containing 2 °% peptone together 
with either 1 % or 2 % of added carbohydrate were used (p. 16). The media 
were inoculated with different strains of B. coli. The cultures were incubated 
at 37° and examined at the end of periods of x hours as recorded in the sub- 
joined tables. 


Indole formation at the end of hours 


Medium inoculated 52: BR ry Gas 
with B. coli i 8 24 48 96 production 
2% peptone + 1 % glucose 0 ) 0) 0 0 ae 
2% peptone + 1 % lactose 0 0 + a ae ae 
2% peptone + 1 % maltose 0 0 ab ae iL ae 
2% peptone +1 % mannitol 0 (+?) tL ate $e ve 
2% peptone + 1 % saccharose 0 0 0 (+?) a ate 
2% peptone + 1 % starch + + + + + 0 


Indole formati t hrs after inoculation 
Medium inoculated ye ee 


- — ———— tas 
with B. coli C= 4 8 24 48 96 production 
2 % peptone st aL ate a ce 0 
2% peptone + 2 % glucose 0 0 0 0 0 + 
2% peptone +2 % lactose 0 0 0 0 (+?) a 
2% peptone + 2 % maltose 0) 0 0 0 (+?) + 
2% peptone +2 % mannitol 0 0 0 (Cen et a 
2% peptone + 2 % saccharose 0 0 0 0 (+2) ° 
2 % peptone +2 % starch + + af a aL 0 


From the above results it appears that the retardation produced by either 
1 % or 2 % glucose in 2 % peptone may be regarded as absolute. The same 
percentages of starch produce no retardation, while that produced by mannitol 
is comparatively slight. Lactose and maltose appear to possess less retarding 
power than does glucose since | °% of maltose or lactose produces but little 
effect while 2 % of either of these sugars produces a retardation approximating 
to the absolute inhibition resulting from the action of glucose. Since the 
initial reaction of all these cultures approximated to Py = 7-03 it may be 
concluded that where retardation was observed it could not be ascribed to the 
initial presence (or to the ultimate production) of alkali or of acid, but must 
be the result of some specific action of the added carbohydrate. It must also 
be noted that where partial retardation occurred, the production of indole 
was observed at precisely the time when,—if inhibition were due to resultant 
acidity,—it should begin to be inhibited. 


Tar Errects or Actps AND ALKALIES ON THE GROWTH OF B. COLI 
tN 2 % PEPTONE. 


Material and Experimental Methods. 


A number of flasks and tubes of 2 °% peptone medium of various initial 
reactions were prepared as described above. As, in the case of the experi- 
ments with glucose peptone, the acid used was N/10 HCl and the alkali 


peep} 
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employed was VN NaOH. Some twenty sets of media whose initial reactions 
ranged from Py = 3:50 to Py, = 10-50 were prepared. Inoculation and ineu- 
bation were performed as in the preceding experiments. 

The tubed cultures were examined for changes of reaction (Py) and for the 
production of indole, while the flask cultures were submitted to the same tests, 
and in addition, a quantitative determination of the products of fermentation 
was made. 

The results obtained in the two series of experiments are shown in the 
subjoined Tables II and III and a reaction resultant curve for B. coli grown 
in 2 % peptone was constructed, and is shown in Fig. | (II). 


Table II. B. coli grown in 2% peptone rendered acid by the addition 
of N/10 hydrochloric acid. 
Strain of B. coli used. Hg. 


Time of Incubation at 37°, 216 hours. 
Temperature of Experiment, 20°. 


Ce. of N/10 
No. of ec. of Ce. of V/10 volatile 
N/10 HCl NH, pro- acids pro- 
added per Initial Final duced per __ duced per 
No. of 10 ce. of reaction reaction Fermen- 10 cc. of 10 ce. of Indole 
flask medium Py Pr tation medium medium formation 
1 3-0 3-54 —— 0 = = 10 
2 2-5 3-93 — 0 — — 0 
3 2-0 4-33 5:92 + 0-64 0-49 + at 144hrs 
at 12 hrs 
4. : 5:5 é : 2 a ee 
1-0 9°20 8-00 + 1-84 1-1 | ot at 7 OTE 
(+ at 12hrs 
= A= AAG FD) A=) + 
3) 0-5 6-46 8-27 + 2-52 1:37 |. Sab oeies 
6 0-0 7°25 8°37 + 3-00 1-60 + +at 12 hrs 


Table Hl. B. coli grown in 2% peptone rendered alkaline by the addition 
of N NaOH. 
Strain of B. coli used, H,. 


Time of Incubation at 37°, 216 hours. 
Temperature of Experiment, 20°. 


Ce. of V/10 Cc. of N/10 


Ce. of N/10 3 NH, pro-_ volatile acids 
NaOH added Initial Final duced per produced per 
No. of | per 10 cc. of reaction reaction Fermen- 10 cc. of 10 ce. of Indole 
flask medium* Pr Pu tation medium medium formation 
1 5:0 10-23 — 0 = — 0 
2 4-0 9-87 — 0 _ = 0) 
P : (+ at 96hrs 
+ 9: 55 . i J 
3 3-0 9°37 = 8-55 + 4-5 3-95 | 4+ hat Tene 
2-0 J < ‘ 2. ( + at 24hrs 
4 8-89 8-51 + 4-] 3°34 | + vataomee 
i: (+ at 12hrs 
5 1-0 8-51 . 8-4 3°5 2-75 + 
ae 5 in (crea oie 
6 0-5 7:95 8-40 + 3-2 2-21 +-+at 12 hrs 


* Equivalent volumes of N NaOH were used. 
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Consideration of Experimental Data. 


The salient fact revealed by a study of the values of the initial and final 
reactions (P;) recorded in Tables II and III (columns 3 and 4) is that there is 
for B. coli grown in 2 % peptone,—as for the same organism in 2 °%/, glucose 
peptone,—an obvious connexion between the initial reaction of the medium 
and the final reaction of the culture. This is represented graphically by the 
reaction resultant curve (II) in Fig. 1. Next it is observed that there is an 
“acid”’ and an “alkaline limiting value” of the initial reactions between which 
growth is permitted but beyond which the activity of the organism is in- 
hibited. The limiting value in the acid range of initial reactions lies between 
Py = 4:33, which permits, and P,, = 3-93 which inhibits the fermentation of 
B. coli in 2% peptone. The degree of alkalinity which serves to inhibit 
fermentation les between an initial reaction of Py = 9:37 which permits and 
Py = 9-87 which inhibits the process. The activity of B. coli in 2 % peptone 
is thus found to be determined by almost the same initia] conditions of acid 
and alkaline reaction as is the case with the same organism fermenting in 2 °%/, 
glucose peptone. 

There are however striking differences between the behaviour of B. coli 
when grown in the two media, as may be seen by comparing Table I with 
Tables II and III, and also Fig. 1 (I) and Fig. 1 (II). 

In both media the final reactions attained by a culture of the bacillus 
occupy positions on an unbroken curve, and in both media a diminution of the 
initial acidity (P,,) of the medium results in a diminution of the resultant acid 
reaction of the culture but beyond these general resemblances the similarity 
does not extend. 

Whereas the range of initial reactions within which growth is possible has 
been shown to be practically identical for B. coli grown in the two media there 
is a remarkable difference between the range of final reactions attained in 
them. In 2% glucose peptone the final reactions vary between the very 
narrow limits of Py = 4:27 and Py = 4-82 but in 2% peptone the final 
reactions produced by the organism are as widely separated as P,, = 5-92 and 
Py = 8:55 while it is quite possible that further experiments may lower the 
former of these two values to Py = 5-70, as will be seen by an inspection of 
Curve IT, Fig. 1. 

It is obvious that in the case of B. coli grown in 2 % peptone any suggestion 
of a “physiological constant” for the final reaction values cannot be enter- 
tained. It will be noted that the curve (Fig. 1 [IT]) representing the reaction 
resultant of B. coli grown in 2 % peptone cuts the axis on which the initial 
reactions of the medium are plotted at a point representing a reaction of 
Py = 8-48. It is evident that if it were possible to prepare a 2 °% peptone 
medium of which the initial reaction were exactly P,, = 8-48 the fermentation 
of B. coli in this medium should be unaccompanied by any change of reaction. 
Several attempts to prepare a medium of this initial reaction were made, but 
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without success. The medium most closely approximating to that desired 
had an initial reaction of Py, = 851. In it, fermentation was very active, 
indole, ammonia, volatile and fixed acids being formed in large quantities 
while the final reaction became slightly less alkaline—the ultimate value being 
Py = 8-46. 

Passing from this point to the acid “death-point” of the organism it 1s 
observed that for cultures in a medium of which the initial reaction is acid 
(Py, less than 7-0) or possessing an alkalinity of less than P,, = 8-48, the 
activity of the bacillus results in a change of the reaction of the culture in an 
alkaline direction. The inference which naturally would be drawn from an 
inspection of this region of the reaction resultant curve, viz. that the fermen- 
tation of B. coli in 2% peptone the initial reaction of which is less alkaline 
than Py = 8-48 results in the formation of an excess of alkaline products, the 
reaction of the culture thereby becoming more alkaline than Py = 8-48, is 
confirmed by the results of the quantitative examination of the products of 
bacterial activity (Tables II and ITI, cols. 6 and 7). 

In the absence of sugar, the action of B. coli on peptone is frankly proteo- 
lytic, the higher nitrogenous complexes being decomposed, with the consequent 
formation of ammonia, acids and indole. 

When, however, B. coli ferments an alkaline 2 % peptone, the initial 
reaction of which is more alkaline than P,, = 8-48 the activity of the organism 
results in a diminished alkaline reaction in the culture (e.g. a medium whose 
initial reaction is P}, = 8-89, reaches a final reaction of P;, = 8-51). Reference 
to the results of quantitative examination of the fermentation products shows 
that this diminished alkalinity is due to a rapid increase in the amount of 
acid produced. In general it may be observed that, as the initial reaction of 
the 2 % peptone in which B. coli ferments is varied from Py = 4:33 to 
Pj, = 9:37, the production of alkali is at first more marked than that of acid, 
while in the latest stages the increase of acid production is greater than that 
of alkali formation. This accounts for the “reversion” of the course of the 
reaction when the critical point Py = 8-48 is passed. It must be emphasised 
that the reversion does not proceed far enough to interrupt the regular path 
of the reaction resultant curve (Fig. 1 [II]) since any given culture eventually 
reaches a final reaction which is more alkaline than that attained by the next 
lower (more acid) member of the series. 

A complete and accurate estimation of the fixed acids produced in the 
reactions was not performed, but sufficient data were obtained to show that 
in the neighbourhood of the “alkaline limiting value” (P,, = 9°37) the total 
acids formed were in excess of the alkaline products, whereas in cultures the 
initial reactions of which were acid, neutral, or slightly alkaline (initial 
Py, = 4:33 to 8-00) the ammonia production was greater than the formation 
of acids. It is evident that the theoretical yield of product of a culture whose 
initial reaction is P,, = 8-48 (and is therefore constant during fermentation), 
should consist of equivalent quantities of acid and alkali. With the aid of 
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titration curves for acetic acid and ammonia added to alkaline and acid 2 % 
peptone respectively a curve was plotted which represented the effect pro- 
duced by the addition to 2 °%% peptone of the amounts of ammonia and acids 
found in the quantitative determinations performed. 

This was done by taking in turn the initial reaction of each culture and 
finding from the acetic and titration curve what would be the effect upon the 
initial reaction if the amount of acid actually found by experiment were added 
to the medium. To the new reaction value thus obtained is then applied the 
correction representing the effect produced by the amount of ammonia the 
presence of which had been determined by the experiment, this correction 
having been found from the ammonia titration curve. The final resultant 
obtained in each case represents the theoretical “reaction resultant” of the 
fermentation. The whole series of values thus obtained was plotted as a 
reaction resultant curve, which was found to be similar to, but not quite 
coincident with, that shown in Fig. 1 (II). This indicates that the curve repre- 
senting the observed final reactions is such as would result had it been plotted 
from a series of final reaction resultant values produced by the formation of 
increasing amounts of acids and ammonia in a series of media of increasing 
alkaline reaction, the amounts of these acids and ammonia being of the same 

order as those found in the foregoing experiments. 


SUMMARY. 


1. Growth of B. coli is possible in peptone media of certain well-defined 
initial reactions, the limiting values of which are but slightly, if at all, affected 
by the presence or absence of sugars. 

2. The approximate limits of initial reaction are Py = 4:27 to 9-87. 

3. A change of the initial reaction of the medium results in a change, 
similar in direction, but smaller in magnitude, in the final reaction of the 
culture. 

4. In the case of B. coli grown in 2 % glucose peptone, while the initial 
reactions of the media vary from P,, = 4:30 to Py = 9-82 the final reactions 
attained vary only between the very narrow limits of Py = 4:27 and 4-82. 

5. In the case of the organism grown in 2 % peptone, when the initial 
reaction of the medium is varied from Py = 4:30 to Py = 9-37, the final 
reactions of the cultures vary from Py = 5-92 (5-70?) to Py = 8-55. 

6. The saccharolytic fermentation resulting from the growth of B. coli in 
2 % glucose peptone renders the culture more acid than the original medium. 

7. The proteolytic fermentation resulting from the growth of B. coli in 
2% peptone causes an increase of final alkalinity in the resulting culture 
unless the initial reaction lies between the alkaline limiting value (Pj, = 9°37 
and Py, = 8-48 in which case the final reaction of the culture is less alkaline 
than the initial reaction of the medium. 
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8. The saccharolytic fermentation of B. coli in 2 % glucose peptone media 
of different initial reaction produces approximately constant amounts of acids 
and no appreciable amount of ammonia. 

9. The proteolytic fermentation of B. coli in 2% peptone results in the 
formation of acids and ammonia, the amounts of both of which increase as 
the initial reaction of the medium is varied in the direction of increased alka- 
linity. Near the alkaline limiting value the production of acids is greater 
than that of ammonia. 

10. The formation of indole is retarded by the presence of free alkali or 
acid in the medium. 

ll. The presence of certain sugars causes inactivity of the proteolytic 
enzyme produced by the bacillus and thus inhibits the formation of indole. 

12. Different carbohydrates exhibit different degrees of indole-inhibiting 
power. The addition of 2 % glucose to peptone media produces complete in- 
hibition of indole formation; 2 % lactose or 2 % maltose produce almost 
complete inhibition, while that produced by 2 % saccharose or 2 °% mannite 
is only partial. 2% starch possesses no inhibitory power. 
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SoME time ago in this laboratory it was found that effluents of fair and even 
very good quality were yielding albuminoid ammonia figures of 1-0 to 2-0 
parts per 100,000, while pure drinking water gave figures varying from 0-02 
to 0-1. 

The albuminoid ammonia figures of good effluents generally approximate 
to 0-15, while in the case of pure waters the figures are generallv less than 
0-005. 

It was evident that the technique involved some very considerable error, 
which quite vitiated the value of the test, and it was necessary to make an 
investigation to ascertain the cause of these abnormally high figures. 

The distilling apparatus seemed to be quite above suspicion, as the corks 
were securely covered with tin-foil and there was no difficulty in obtaining 
ammonia-free water. Furthermore, the free and saline ammonia figures were 
normal. 

Some impurity in the chemicals used in the albuminoid ammonia deter- 
mination was therefore suspected. It had been observed that the pernian-- 
ganate-alkali mixture was very difficult to free from ammonia, but after two 
days’ boiling it was always apparently possible to free the mixture by a single 
distillation in the apparatus. 

The great difficulty experienced suggested however that possibly the 
mixture was not after all free from nitrogenous material and that by diluting 
and redistilling with ammonia-free water further yields of ammonia might 
be obtained. 

It was resolved to test this possibility by experiment. Potassium per- 
manganate and caustic soda in the usual proportion of }.¢. to 10 ¢. respec- 
tively were boiled together in a small flask with ammonia-free distilled water 
for two days. The mixture was then poured into a litre of ammonia-free water 
in the distilling apparatus and distillation was carried out. Large amounts of 
ammonia were generated, e.g. 0-0001 g. When the ammonia ceased to come 
over, the ammonia-free distillate was collected and the contents of the flask 
were concentrated to a small bulk. The ammonia-free distillate was next 
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poured back and the distillation recommenced. As much ammonia was again 
produced as in the first distillation. This could often be repeated for several 
days; sometimes however the generation of ammonia ceased after a few 
distillations. Taking 0-0001 ¢. as a typical yield from one distillation, as 
500 ee. of a drinking water are used in the albuminoid ammonia determination, 
this would correspond to the enormous error of 0-02 parts per 100,000, 
Occasionally a single distillation yielded even larger amounts, and the error 
Was correspondingly increased, 

It was evident that this was at any rate one source of error. The per- 
manganate-alkali mixture could apparently be cleared of ammonia by a 
single distillation, but when added to the water being analysed the dilution 
and boiling would lead to the production of more ammonia, sufficient in 
amount to give altogether inaccurate results. 

Prolonged boiling rarely led to the purification of the mixture, and it was 
concluded that a stable nitrogenous impurity was present which only decom- 
posed with extreme slowness. The condition favourable to decomposition was 
great dilution, while concentration stopped the process entirely. 

Through the kindness of Prof. Harden, a sample of permanganate-alkali 
mixture was obtained from a laboratory in which normal albuminoid figures 
were being obtained. When 50 cc. of this solution (containing } ¢. of per- 
manganate and 10 g. of alkali) was distilled with ammonia-free water, only 
0-000005 g. ammonia was generated in each distillation. This corresponded 
to the small error in the albuminoid-ammonia figure of a water of 0-001 parts 
per 100,000. 

It was thought that this mixture could be employed to ascertain whether 
the impurity existed in the permanganate or the soda in the contaminated 
mixture which was yielding the high results. 

Accordingly 50 ce. of the pure mixture was boiled with 4 ¢. of the suspected 
permanganate for two days and the solution was then distilled with ammonia- 
free water in the ammonia apparatus. Large amounts of ammonia were 
generated, e.g. 0-O001 g. ammonia in each distillation. This pointed to the 
existence of a nitrogenous impurity in the permanganate. 

The pure mixture was next separately heated with 10g. of the suspected 
soda and distilled as before. During each distillation only small amounts of 
ammonia were produced, e.g. 0-000005 g. 

The impurity was thus chiefly concentrated in the permanganate. 

Experiments were next carried out with the same brand of permanganate 
and soda as constituted the pure mixture. A solution was prepared in this 
laboratory, and after one day’s boiling it generally yielded an error of about 
0-001 to 0-002 parts per 100,000 in an albuminoid ammonia determination for 
a water. On one occasion the error was 0-003. 

Some control experiments were also carried out to ascertain the amount of 
albuminoid ammonia generated from strychnine when decomposed by the 
permanganate-alkali. The alkaloid yields half its nitrogen content as albu- 
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minoid ammonia. The results as would be expected were about 10 % high, 
since if 0-0001 g. were produced from the strychnine this would be increased 
to about 0-00011 owing to the trace of nitrogenous impurity in the perman- 
ganate. 

For ordinary work this would be sufficiently accurate, but for very im- 
portant work it would be advisable to make a control estimation, under the 
same conditions of dilution and rate of boiling, of the ammonia yielded in one 
distillation of the permanganate-alkali mixture with ammonia-free water. 
This figure could then be subtracted from the figure obtained for the water or 
sewage effluent which was being analysed. 

When fresh supplies of chemicals come into the laboratory, tests should be 
made before using them in routine work to ascertain whether the organic 
impurity is present in unusually large amount. 

The presence of this oxidisable impurity may be one explanation of the 
observed decomposition of about 5% of the permanganate in the control 
distilled water test carried out in the determination of the Tidy figure or 
oxygen absorbed in 4 hours at 27° C.: e.g. 


Initial titration 10 cc. N/80 permanganate, equals 14-9 cc. standard thiosul- 
phate. 
(10 ce. permanganate, 
NOVGe 25 7, Elo OO. 
100 ee. distilled water.) 


Titration after 4 hours’ incubation at 27° C. equals 14-2 cc. thiosulphate. 


SUMMARY. 


1. Potassium permanganate may contain a stable nitrogenous impurity 
which cannot as a rule be removed by prolonged boiling with alkali. 

2. The impurity is not decomposed at all in concentrated alkaline solution, 
but gradually decomposes when the solution is considerably diluted. Conse-. 
quently permanganate-alkali mixture can apparently be freed from ammonia 
by boiling with water, but when the resulting concentrated solution is again 
diluted and distilled, ammonia may once more be liberated in large quantities. 
When the mixture apparently freed from ammonia is boiled with the water, 
the albuminoid ammonia figure of which is being determined, the yield of 
ammonia is thus greatly augmented by that liberated from the permanganate. 

3. The error involved may be so great as to vitiate the value of the 
albuminoid ammonia test altogether. 

4. In the case of a purer brand of permanganate the error is reduced to 
about 0-002 parts albuminoid ammonia per 100,000. 

5. It is essential in routine work to test fresh supplies of chemicals to 
ensure that the impurity is not present in excessive amount and in very 
accurate work a control experiment should be made during each determination 
of albuminoid ammonia. 


IV. THE COMPOSITION OF STARCH. PART I. 
PRECIPITATION BY COLLOIDAL IRON. 
PART II. PRECIPITATION BY IODINE AND 
ELECTROLYTES. 


By JOHN MELLANBY. 
From the Physiological Laboratory, St Thomas's Hospital, London. 


(Received February 10th, 1919.) 


Tue experiments recorded in this paper deal with the effects produced by 
(a) colloidal iron and (0b) iodine on a solution of potato starch in water. The 
starch solution was obtained by adding starch suspended in a small volume 
of cold water to the required volume of boiling water and continuing the 


boiling for one minute. 


|. THE PRECIPITATION OF STARCH BY COLLOIDAL IRON. 


There are considerable differences of opinion regarding the nature of starch 
granules, but, generally speaking, starch is now regarded as consisting of two 
substances. Nageli who investigated the action of hydrochloric acid and 
amylolytic enzymes on starch proposed the names amylogranulose and amylo- 
cellulose to designate them. Amylogranulose, the chief constituent of starch, 
goes into solution under the action of hydrolytic agents and gives a blue colour 
with iodine. Amylocellulose on the other hand does not go into solution under 
these conditions and is not coloured blue by iodine. This work has been 
- extended by Maquenne and Roux [1903, 1905] and Fernbach and Wolff 
[1904]. From their experimental results they deduce that starch granules 
consist of two substances, (4) amylose and (b) amylopecten. Amylose, the 
chief constituent of starch, is insoluble in cold water but completely soluble 
in water boiled under pressure. On cooling such a solution the soluble amylose 
tends to revert to the insoluble form. Amylopecten, on the other hand, is of 
an entirely different nature. It swells up without dissolving when heated with 
water and is not coloured blue with iodine. 

The results recorded in the following pages indicate that the soluble 
portion of starch (amylogranulose) may be further differentiated into a series 
of fractions. 

(i) Precipitation by colloidal iron only. 


The investigations of Bottazzi and Victoroff [1910] on the electrical state 
of starch in solution indicate that starch is electrically neutral. This con- 
clusion is not supported by the effects observed when colloidal iron is added 
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to a solution of starch. Under these conditions three well marked phases may 
be recognised: (i) a portion of the starch is precipitated by the colloidal iron 
only, (ii) a second portion of the starch is carried down with the colloidal iron 
when an electrolyte is added to the solution, and (iii) the filtrate from (11) con- 
tains starch which is not precipitated by colloidal iron either in the presence 
or absence of electrolytes. 

The amount of starch precipitated by colloidal iron only is shown in the 
following experiment. 

Colloidal iron was added to 1 °% starch in the following proportions: 


Colloidal iron Starch 1 % H,O 
4 cc 20 ee. 16 ce. 
8 cc. 20 cc. 12 ee. 


A gelatinous precipitate was produced in each case. This precipitate was 
allowed to settle, after which the amount of starch remaining in the clear 
fluid, and the amount of starch in the original solution, were determined. In 
both ‘cases it was found that 80 °% of the original starch was precipitated by 
the colloidal iron. The amount of starch precipitated was independent of the 
amount of iron added. The lower limit, giving the minimal amount of iron 
necessary for precipitation, was not determined. Precipitation presumably 
depends upon the neutralisation of the negative charge on the starch by the 
positive charge on the colloidal iron. It became of interest therefore to deter- 
mine how far the precipitation limits of colloidal iron by electrolytes were 
influenced by the addition of a solution of starch to it. 

The minimal quantity of potassium sulphate required to precipitate | ce. 
of colloidal iron is given in the following figures. 


Colloidal iron H,O M/10 K,SO, 
1 ce. 8-95 ce. 0-05 ce. No precipitation 
8-9 0-1 = 
8-8 0-2 me 
8-6 0-4 as 
8-5 0-5 Complete precipitation 


With 0:4 ce. M/10 K,SO, there was no formation of distinct granules, 
but there was an obvious change in the appearance of the solution viewed by 
partially reflected light. 

The same experiment was repeated except that 5 cc. of starch replaced 5 ce. 
of added water, thus: 


Colloidal iron Starch 1% H,O M/10 K,SO, 
I ce: ce: 4 ce. 0-0 ee. No precipitation 
' 3°95 0-05 oF 
3°9 0-1 
3°8 0-2 Ae 
' 3-6 0-4 Partial precipitation 
3°5 0-5 Complete a 


In the first four tubes there was a precipitate of starch, but this precipitate 
was greatly augmented by precipitated iron in the fifth tube. In the sixth tube 
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complete precipitation of the iron had been produced. The partial precipita- 
tion of the colloidal iron in the presence of starch by 0-4 cc. K,SO, (7/10) 
compared with the amount 0:5 ce, KySO, (JZ/10) required when no starch was 
present indicates that the starch had diminished to a small degree the quantity 
of electrolyte required for precipitation. The results show that the electric 
charge on starch in solution is negative, though small in comparison with the 
electropositive charge on colloidal iron. 


(ii) The precipitation of starch by colloidal iron in the presence of electrolytes. 

The amount of starch precipitated from solution by colloidal iron 1s in- 
creased by the presence of electrolytes. But however much colloidal iron may 
be used, and however much precipitating electrolyte may be added, some 
starch remains in the filtrate. The amount of starch not precipitated by 
colloidal iron in the presence of electrolytes was determined. 

To 100 ce. of approximately 1 % starch, 20 ce. of colloidal iron were added. 
Five minutes later 1-2 ec. of K,SO, (17) were added as the precipitating electro- 
lyte. The resultant filtrate was water clear in appearance but gave a deep blue 
colour on the addition of iodine. ‘The quantities of starch in the original 
solution and filtrate were determined by hydrolysis to dextrose. The results 
showed that 89 °% of starch was precipitated whilst 11 °% remained in solution. 
Now a previous experiment had shown that on the addition of colloidal iron 
only to the starch solution 80% of the starch was precipitated. We must 
therefore conclude that 9 °% of the original starch is carried down by colloidal 
iron precipitated by electrolytes. The results show that three types of starch 
must be recognised as present in a solution of potato starch in water: (a) starch 
precipitated from solution by colloidal iron only; (8) starch taken down with 
colloidal iron when precipitated by a divalent negative ion; (y) starch not 
affected by colloidal iron in any way. The results given above show that a 
solution of potato starch contains 80 % of (a), 9% of (8), and 11 % of (y). 
It may be remarked that the first fraction (a) includes the insoluble constituent 
of starch (amylocellulose) since this insoluble constituent would be mechanic- 
ally carried down by the soluble starch precipitated by the colloidal iron. On 
this assumption the starch granule consists of amylocellulose and amylo- 
eranulose (a), (8) and (vy), the terms (a), (6) and (y) designating those varieties 
which are precipitated by (a) colloidal iron only, (f) colloidal iron in the 
presence of electrolytes, and (y) not precipitated by colloidal iron. 

This, however, does not exhaust the possibilities of the substances con- 
tained in the starch granule, since precipitation by iodine in the presence of 
electrolytes, the amount of iodine added being just short of that required for 
complete precipitation of the starch, gives a filtrate which is coloured brown 
by iodine. This colour is due to the presence of dextrin in the starch solution. 
The presence of dextrin might be due to its production when the starch is 
dissolved in boiling water, but against this hypothesis is the fact that glycogen 
dissolved in cold water gives similar results. The complete precipitation of 
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starch by equivalent quantities of iodine in the presence of electrolytes shows 
that the granule contains no soluble substances which do not react with 
iodine. It appears reasonable to conclude that the starch granule contains a 
large number of polymers of the general formula (Cg,H,)0;)n increasing in 
complexity from dextrin to cellulose, the dextrin and cellulose being present 
in small quantities whilst amylogranulose (a), (8) and (y) form the bulk of the 
eranule. Probably other methods of precipitation would differentiate the 
amylogranulose (a) into a series of fractions. 


Il. THE PRECIPITATION OF STARCH BY IODINE AND ELECTROLYTES. 


When iodine dissolved in potassium iodide is added to a solution of starch 
in water two characteristic changes may be observed: (i) the solution assumes 
a deep blue colour, and (ii) the lyophilic emulsoid colloid of starch is changed 
into a suspensoid colloid of marked lyophobic character. 

A considerable amount of experimental work has been done to determine 
the nature of the changes involved. Owing to the varying content of “starch 
iodide” the chemical aspect of the problem has given place to views in which 
the physical element predominates. Kiister [1894] put forward the hypothesis 
that iodide of starch consists of a solid solution of iodine in starch, and ex- 
plained in this way the varying content of the iodine in starch iodide with the 
iodine concentration of the solution with which it was in equilibrium. Harrison 
[1911] on the other hand considered that in the case of iodine and starch an 
adsorption compound was formed. The most recent work on this subject has 
been done by Barger and Field [1912] in their analyses of the phenomena 
observed in the formation of blue adsorption compounds of iodine with various 
substances. From their experimental work they conclude that on the addition 
of iodine to starch there is a considerable adsorption of iodine, that the pre- 
sence of electrolytes (potassium iodide) is necessary to bring about this 
adsorption, and that the blue substances formed behave as negative suspension 
colloids which have been rendered lyophobic by the iodine adsorbed. 

The electronegative nature of starch iodide was shown by the experiments 
of Padoa and Savaré [1906] in which starch iodide moved to the anode when 
placed in an electric field. The experiments of Barger and Field on the pre- 
cipitation of starch iodide by cations of inorganic salts confirmed this deduc- 
tion as to the electronegative nature of starch iodide and demonstrated that 
the addition of iodine to starch changed a lyophilic emulsoid colloid (the starch 
solution) to a lyophobic suspensoid colloid (starch iodide). The facts that 
starch dissolved in water forms an emulsoid colloid and carries a small negative 
charge, that the reacting iodine dissolved in potassium iodide is presumably 
ionised and negatively charged, and that the resulting starch iodide forms a 
suspensoid colloid and is also negatively charged, militate against the accep- 
tance of a purely physical hypothesis for the explanation of those changes 
which occur when iodine is added to starch. The experiments recorded in the 
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following pages on the effects observed when iodine dissolved in potassium 
iodide is added to a solution of starch indicate that the iodine first reacts 
quantitatively with the starch producing a definite chemical compound and 
that the starch iodide thus formed is a lyophobic suspensoid colloid which 
adsorbs iodine from solution according to the recognised laws of adsorption. 


(A) The quantitative relation of iodine to starch. 


The following experiments indicate that on the addition of small quantities 
of iodine to starch a reaction takes place in accordance with the recognised 
laws of chemical action. 

(1) Varying vdine. Varying quantities of iodine were added to 10 cc. of 
a 1 % solution of starch contained in a series of tubes, and the resulting starch 
iodide was precipitated from solution by a small quantity of magnesium 
sulphate. After an interval of five minutes the contents of the tubes were 
filtered and the filtrates were tested for excess of iodine or starch. The follow- 
ing figures show the results obtained in a typical experiment: 


Starch 1 °% Todine 1% H,O MgSO, (17) Filtrate 

10 ce. 0:3 ec. 9-6 ce. 0-1 ce. Excess of starch 
10 0-4 9-5 0-1 3 - 
10 0-5 9-4 0-1 = = 
10 0-6 9-3 0-1 i a. 
10 0:7 9-2 0-1 Nil 

10 0-8 9:] O-1 Excess of iodine 
10 0-9 9-0 0-1 Pe 3 


An experiment done under these conditions shows that when iodine is 
added to starch, and the lyophobic starch iodide is precipitated from solution 
by a divalent ion, a point is reached at which the filtrate contains neither 
starch nor iodine. Previous to this point the filtrate contains an excess of 
starch, and after this point the filtrate contains an excess of iodine. It is 
difficult to postulate an hypothesis which would explain these results on the 
basis of physical adsorption. The occurrence of a definite point at which the 
filtrate contains neither starch nor iodine suggests that iodine reacts chemically 
with the starch, and that at this point there is a definite chemical equivalence 
of the starch and iodine. This deduction is strengthened by the experimental 
observations that the equivalent point 1s not affected by dilution, temperature, 
or precipitating electrolyte. 

(1) Varying concentration of starch. In the following experiment the 
quantity of starch, contained in a final volume of 20 cc., was varied from 
10 ce. of a 1 % solution to 10 ce. of a 0-2 % solution. The same quantity of 
precipitating electrolyte (MgSO,) was added in each case and the quantity of 
iodine required to produce a filtrate containing neither starch nor iodine 
determined : 


1 % starch H,0 101% MgS0O, (1) Filtrate 
10 ce. 5:5 ce. 4-75 ce. 0:2 ce. Excess iodine 


10 5:75 4-5 0-2 No iodine 
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0-8 % starch H,O 0-1%I1 MgSO, (1) Filtrate 
10 ce. 6-2 ce, 3°8 cc. 0-2 ce. Excess iodine 
10 6-4 3-6 0-2 No iodine 

0-6 % starch H,O 10-1% Mgso, (1) Filtrate 
10 ce. 7:2 ce. 2°8 cc. 0:2 ce. Excess iodine 
10 7:4 2-6 0-2 No iodine 

0-4 % starch H,O 101% MgSOoO, (M) Filtrate 
10 ce, 8-2 cc. 1-8 ec. 0-2 cc. ixcess iodine 
10 8-4 16 0-2 No iodine 

0-2 % starch H,O iO 129%, MgsO, (JZ) - Filtrate 
10 ce. 9-0 ce. 1-0 cc. 0-2 cc. Excess iodine 
10 9-2 0:8 0:2 No iodine 


The mean values obtained from the above results are as follows: 


Ce. of iodine 


% starch required Jodine/starch 
10 ce. of 1 % 4-625 4:6 
10 ce. of 0-8 % 3-7 * 4-6 
10 ce. of 0-6 2:7 4:5 
10 ce. of 0-4 1-7 4-25 
10 ce. of 0-2 0-9 4:5 


The direct relation between the amount of starch and the quantity of 
iodine required to precipitate it in the presence of an electrolyte again indicates 
the chemical equivalence of the starch and iodine. 

Similar experiments were made in which the precipitating electrolyte was 
varied from 0-2 cc. MgSO, (17/10) to 0-2 ce. MgSO, (M). There was no change 
in the point at which the filtrate contained neither starch nor iodine. Similarly 
varying the temperature at which the experiment was done from 15° to 
40° did not influence the quantitative values of the reaction. 

(ii) The rcodine equivalent of starch. All these results indicate that when 
iodine is added to starch a quantitative reaction takes place between the 
starch and the ionised iodine. The iodine equivalent of starch was determined 
from an experiment in which the amounts of starch and iodine in the solutions 
used had been accurately determined. 

It was found that when 10 cc. of a starch solution containing 0-087 g. of 
starch were treated with 0-0068 g. of iodine the filtrate obtained after precipita- 
tion by MgSO, contained neither starch nor iodine. Therefore, on the above 
hypothesis of the chemical interaction of starch and iodine, 

0-0068 g. of I is equivalent to 0-087 g. of starch, 
or 127 g. of I is equivalent to 1635 g. of starch. 

Now the sum of the atomic weights of CgH,90; is 162; and the empirical 
formula for starch has been assumed to be (CgH,)0;)n. Therefore the least 
value of n, assuming that one molecule of starch reacts with one atom of 
iodine, is 10. 

The experimental results obtained on adding colloidal iron to starch show 
that starch contains a variety of polymers. The value n = 10 can therefore 
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be taken only as a mean value for a number of starch complexes in which n is 
continually varying. 

(iv) The codine equivalent of starch granulose (y). The iodine equivalent of 
starch granulose (y) was determined in the way described in the previous 
experiment. The following results give the details of an experiment: 

100 ce. of starch were precipitated by 20 ce. of colloidal iron and 1-2 ce. 
K,SO, (MW). 5 ce. of the resulting filtrate containing starch granulose (y) were 
put into a series of tubes to which were added varying quantities of iodine 
and MgSO, (47/10) to make the volume 10 cc. The filtrates were tested with 
starch and iodine. 


Starch 
granulose (y) H,O 01%1 MgSO, (27/10) Filtrate 
5 ce. 1-9 ce. 3-0 ce. 0-1 ce. Excess of iodine 
5 2:9 2-0 0-1 53 “A 
5 3-9 1-0 0-1 + a 
5 4°] 0-8 O-1 Nil 
5 4:3 0-6 0-1 Excess of starch 


The original starch solution gave as equivalent quantities 5 cc. starch and 
4 ec. iodine. The amount of starch granulose (y) contained in the filtrate was 
10-6 °% of the total starch contained in the original solution. 

Therefore the iodine equivalent of starch granulose (y) compared with that 
of an equal quantity of the original starch was approximately as two to one. 
In other words if 1600 g. of the original starch were equivalent to a gram atom 
of iodine, approximately 800 ¢. of starch granulose (y) were equivalent to the 
same quantity of iodine. 

In the case of starch (CgH, 05) 19 1s equivalent to I and for starch granulose 
(y) (CgH, 905); 18s equivalent to I. 


(B) The adsorption of codine by starch iodide. 


In the foregoing experiments the amount of iodine added to the starch 
solution before the addition of the precipitating electrolyte was relatively 
small, and under these circumstances it has been shown that the reaction 
passes through a definite stage previous to which there is an excess of starch, 
and after which there is an excess of iodine, in the solution. This result is not 
compatible with the hypothesis that starch adsorbs iodine ab initio. The 
question however arises whether starch iodide when formed further reacts 
with an excess of iodine, contained in the solution, in a chemical or physical 
way. Substances containing a variable quantity of iodine in relation to the 
starch have been isolated and this fact suggests that a physical process enters 
into the reaction after the formation of the starch iodide compound. The 
following experiment illustrates the relation of the iodine contained in the 
filtrate and that added to the original starch solution when the quantity of 
added iodine is continuously varied. 
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Excess of Iodine 
Starch 1% Iodine1% H,O MgSO, (JZ) I in filtrate precipitated 

25 cc. 1-5 ce. 22-5 cc. ces (starch in filtrate) 1-5 ce. 
25 2-0 22:0 1 0 2-0 (a) 
25 2:5 21-5 ] 0-15 ee. 2°37 
25 5-0 19-0 ] 0-89 4-11 
25 7-5 16-5 ] 2-8 4-7 
25 10-0 14:0 i 5-03 4:97 
25 12-5 11-5 ] 6-9 5-6 


The figures show that after the equivalent point (x) at which the filtrate 
contains neither starch nor iodine, the starch iodide precipitated contains a 
varying quantity of iodine, the amount of iodine in the “starch iodide” con- 
tinually increasing as the iodine content of the original mixture increases. In 
fact the figures show that after the point (z) the precipitated “starch iodide” 
takes down iodine with it from solution according to the recognised laws of 
adsorption. Therefore in the action of iodine on starch two separate and 
distinct phases may be recognised. 

(1) The iodine reacts with the starch in a quantitative manner, approxi- 
mately 1 gram-atom of iodine being equivalent to 1600 g. of starch or 800 g. 
of starch granulose (y). 

(2) The lyophobic starch iodide thus formed when precipitated by electro- 
lytes adsorbs iodine from solution according to the recognised laws of adsorp- 
tion provided an amount of iodine is present in excess of that required for the 
first reaction. 


SUMMARY. 


1. Precipitation of starch by colloidal iron shows that starch granulose 
can be separated into three fractions, (a), (8) and (y), forming 80%, 9 % and 
11 % respectively of the starch granulose. (a) is precipitated by colloidal iron ° 
only, (8) by colloidal iron and electrolytes, and (y) is not precipitated by 
colloidal iron under any conditions. 

2. Precipitation of starch by iodine and electrolytes shows (a) that starch 
contains an insoluble constituent which does not react with iodine (amylo- 
cellulose), (b) that all the soluble constituents of starch are precipitated by 
iodine in the presence of electrolytes, and (c) that the final fraction precipitated 
by iodine gives a brown colour with iodine. 

3. The results (1) and (2) indicate that starch contains a variety of 
polymers varying in complexity from amylodextrin to amylocellulose, the 
relative quantities of dextrin and cellulose being small whilst the bulk of the 
eranule is composed of amylogranulose (a). 

4. Todine reacts with starch in a quantitative manner forming starch 
iodide. Approximately 1600 g. of starch are equivalent to 127 g. of iodine, or 
(CgH,905)19 is equivalent to a gram-atom of iodine. In the case of starch 
eranulose (y) approximately 800 g. react with 127 g. of iodine; or (CgH 995); 
is equivalent to a gram-atom of iodine. 
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5. Starch iodide adsorbs iodine from solution so that after the equivalent 


point the amount of iodine contained in the precipitated starch iodide is i 
function of the amount of iodine contained in the original solution. 
tm] 
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V. OBSERVATIONS ON THE ACCURACY OF 
DIFFERENT METHODS OF MEASURING 
SMALL VOLUMES OF FLUID. 


By FREDERICK WILLIAM ANDREWES. 
From the Pathological Laboratory, St Bartholomew’s Hospital, London. 


(Received February 13th, 1919.) 


Every serologist has his own favourite method of measuring the small volumes 
of different fluids which he needs in performing complement fixation reactions 
or in making a series of serum dilutions for agglutination. He usually regards 
the method to which he is accustomed as the best and may resent any imputa- 
tion on its accuracy, but few serologists take the trouble to check the method 
they employ by careful control observations. There is no convenient method 
for determining the percentage of serum in a dilution sufficiently closely, but 
there are plenty of chemical substances which can be substituted for serum. 
One cannot, indeed, carry out volumetric analyses on the small volumes 
involved in Wright’s method of preparing serum dilutions in a capillary 
pipette, but one can use larger volumes in the same way and analyse the 
results satisfactorily and can very safely reason that errors detected with the 
larger volumes are likely to be exaggerated with the smaller. 

I have lately had occasion to enquire into possible errors in my own sero- 
logical technique and I have carried out a certain number of observations, as 
carefully as I was able, on the lines suggested above. Although there is nothing 
astonishing in the results it may be of service to put them on record. It has 
been a gain to me to ascertain the degree of my own error and it would probably 
be a useful exercise for any serologist to check his methods in similar fashion. 

The fluids chosen for measurement were (1) a saturated solution of iodine 
in saturated potassium iodide solution, and (2) a not quite saturated solution 
of calcium chloride in water. The latter was on the whole the more satisfactory, 
being cleaner to work with. The dilutions were titrated in the ordinary way, 
the iodine with N/10 and N/100 thiosulphate and a starch indicator, and the 
calcium chloride with N/10 and N/100 silver nitrate and a potassium chromate 
indicator. My thanks are due to Dr W. H. Hurtley, Lecturer on Chemistry at 
St Bartholomew’s Hospital, for kind advice and help in the matter. 

There are two ways of measuring fluids, apart from weighing, which is out 
of the question for serological work. One is measurement by pipette, and the 
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other measurement by drops, and I was anxious to compare the accuracy of 
these two methods. 

In measuring by pipette the serologist is at a disadvantage as compared 
with the chemist. Volumetric analysis has been developed into a fine art by 
generations of chemists and the degree of accuracy obtainable is very high. 
The chemist has his standard burettes and pipettes and has been trained how 
to use them. Unless the serologist has been trained as a chemist he is apt to 
be less scrupulous in the use of the instruments at his command, and he lies 
under the further disadvantage that he commonly has to measure very small 
quantities of fluid by means of instruments much smaller and more liable to 
error than those used by the chemist. The first problem that arises is therefore 
the degree of error likely to be present in careful pipette measurements of 
small volumes of fluid, ranging from 1 ee. to 0-01 ec., such as the serologist often 
has to employ. 


THE RANGE OF ERROR IN SMALL PIPETTE MEASUREMENTS. 


Those who work with graduated | cc. and 0-1 ce. pipettes usually employ as 
motive force either a rubber teat or a mouthpiece connected with the pipette 
by a rubber tube. Some such method is necessary with a 0-1 cc. instrument, 
though with a 1 cc. pipette one can work by gravity, controlling the flow with 
the finger only. 

To check the accuracy of delivery of small volumes from such pipettes the 
following procedure was adopted. A concentrated solution of calcium chloride 
was carefully titrated against N/10 AgNO,: 1 cc. of the CaCl, solution was 
found equivalent to 61-4 cc. V/10 AgNO; the measurement of the | cc. was 
performed with great care by Dr Hurtley. Two Lautenschlager pipettes were 
washed out with strong sulphuric acid and then repeatedly with distilled water: 
one was a | cc. pipette graduated in tenths and hundredths, the other a 0-1 ce. 
pipette graduated in hundredths and two-hundredths. A well-fitting rubber 
teat was attached to each. I then attempted to deliver into evaporating dishes 
amounts of the calcium chloride solution varying from 1 cc. to 0-01 ec., and 
titrated them against AgNOs, using a decinormal solution for the larger and 
a centinormal one for the smaller amounts. Even 0-01 cc. of the calcium 
chloride solution required 6 cc. of centinormal AgNO,, so that the titration 
could be carried out with considerable accuracy. At the same time my 
colleague, Dr R. G. Canti, who was provided with a similar pair of Lauten- 
schlager pipettes, which he was accustomed to use with a mouthpiece and 
rubber tube, performed similar measurements. There was thus an opportunity 
for comparing the teat with the mouthpiece as a motive force. 

The results of this experiment are shown in the following table. In the 
second column is shown the expected value of each amount, assuming the 
correctness of the preliminary titration, in the third and fifth columns the 
value actually found, and in the fourth and sixth the percentage by which the 
value found differed from what it ought to have been. 
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Table I. Errors in measurements with small graduated pipettes. 


Measurements with 1-0 ce. pipette. 


Correct value F. W. A. using teat R. G. C. using mouthpiece 

Amount ince. V/10 ee eS EIN IEE 
measured AgNO, Value found °%% deviation Value found °% deviation 

1-0 ce. 61-4 60-8 — 0-98 60-0 — 2-28 

1-0 61-4 61-9 + 0-81 62-0 + 0:97 

1-0 61-4 61-1 — 0-49 — a 

0-5 30-7 30-5 — 0-66 — _— 

0-1 6-14 5-7 —- 7:17 6-0 — 2-28 
0-1 6-14 5:75 — 6:36 -— — 

Measurements with 0-1 ce. pipette. 

O-lce: 6-14 6-0 — 2-28 6-15 + 0-16 
O-1 6-14 — == 6-5 + 5:86 
0-05 3:07 2-95 — 3-91 3-015 — 1-79 
0-01 0-614 0-605 — 1-47 0-68 + 10-74 
0-01 0-614 0-75 + 22-15 0-775 + 26-22 
0-01 0-614 0-635 + 3-42 0-74 + 20-52 


The chief interest of these figures is that they represent the actual results 
obtained by two ordinary workers, reasonably practised in pipette measure- 
ments, and done with extra care because there was a certain emulation as to 
who could produce the best results. Doubtless there are many workers who 
could do better: we only regard ourselves as representing the averagel. 

It is evidently possible to measure | cc. or 0-5 cc. with reasonable accuracy : 
my own four measurements of this order were all within | % of the correct 
amount. Attempts to deliver 0-1 cc. from a | cc. pipette were less successful. 
This quantity can be more accurately delivered from a 0-1 cc. instrument, and 
one of Dr Canti’s efforts was almost exact; but he failed to repeat it. The 
margin of error is clearly greater with the smaller instrument, and when it 
comes to delivering 0-01 cc. the error is apt to become a serious one. The 
grosser errors were always in the direction of delivering too much, probably 
owing to transfer of fluid on the exterior of the nozzle. It is clearly unwise for 
the average worker to rely on the measurement of one hundredth of a cc. from 
a pipette with any accuracy. 

Two further points came out in the course of this experiment, though they 
are not indicated in the table. A shghtly larger volume is delivered when the 
pipette is held vertical and emptied slowly. In delivering one-tenth of the 
total graduated length, more accuracy is attained by measuring one of the 
middle tenths than the terminal one. 


1 [ communicated my results to Dr Carl Browning of the Middlesex Hospital, who thereupon 
undertook some similar observations—using a narrow 0-1 cc. pipette, provided with a rubber 
tube and mouthpiece. The fluid used was hydrochloric acid, and the measured volumes were 
titrated against N/300 sodium hydrate. Twenty successive measurements of 0-01 cc. were made, 
and of these sixteen differed from the mean by less than 2 %, while the extreme variations from 
the mean were less than 5 %. Eighteen measurements of 0-03 cc. were also made, and fifteen of 
these were within 1-3 % of the mean, while the extreme variations from the mean were 2-9 %, 
These efforts are clearly better than those of Dr Canti and myself. 
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KRRORS INCIDENT TO THE PREPARATION OF A SERIES OF DOUBLING 
DILUTIONS, 


Inasmuch as this is one of the commonest procedures in agglutination work, 
considerable interest attaches to the accuracy of the different methods by 
which it can be carried out, and especially to a comparison of the pipette and 
drop methods. I therefore performed a number of experiments with this 
object in view. 

In order to have an idea of the standard of accuracy which might be 
attainable I invited Dr Hurtley to prepare me a progressive series of doubling 
dilutions of the same calcium chloride solution as was used in other experi- 
ments. The solution was at this time slightly stronger: (this was the first time 
it had been used); the preliminary titration showed that | cc. = 61-6 N/10 
AgNO,. Dr Hurtley prepared the dilutions with great care, employing all 
the precautions incident to volumetric analysis, and even washing out and 
drying the pipette between successive measurements. The volume measured 
at each step was 2-5 cc. Five dilutions were prepared, from 1 in 2 to | in 32, 
each being made from the one preceding it, so that any error might be cumu- 
lative. The results are shown in Table II. 


Table Il. Deviations from accuracy in a series of dilutions prepared 
by a chemist. 
Primary solution; 1 ce. =61-6 NV/10 AgNO,. 


% deviation from 


Dilution Correct figure Result on titration correct figure 
in’ (2 30:8 30-65 —0°5 
lin 4 15-4 15:45 +0°3 
lin 8 17 7:85 +1-9 
lin 16 3°85 3°80 -1:3 
1 in 32 1-92 2-00 +4-1 


The results seen in this table show that a trained chemist, using adequate 
methods, can prepare a series of desired dilutions with a high degree of accuracy. 
The slight apparent errors are now +, now —, which suggests that they may 
depend upon errors in titration rather than in the preparation of the dilutions. 

But no serologist can work in this laborious way. He usually employs his 
pipette in quite a different manner. It is usually not a “delivery” pipette, but 
one graduated to the point and he blows out the contents as completely as he 
can. This process inevitably leads to error unless the instrument is dried out 
at each operation, and what is more, in preparing a series of doubling dilutions 
in the ordinary way, the error is cumulative. In order to get some idea of 
how great it may become, I made the two following experiments, using a 
delivery pipette in the manner of a serologist. 

I took an ordinary 4 cc. pipette and measured into each of eight test tubes 
4 cc. of distilled water, as carefully as possible but expelling the whole amount 
of fluid by blowing. The pipette was then dried out, and 4 cc. of strong calcium 
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chloride solution (1 cc. = 61:5 cc. N /10 AgNO.) added to the first tube. The 
mixture was taken up into the pipette and expelled six times, to ensure 
thorough mixing and to wash out the pipette, and then, without any other 
washing or drying, 4 cc. of the mixture were transferred to tube 2 and the 
process repeated, and so on to the eighth tube, the pipette being at each stage 
washed out six times with the mixture just made. The results on titration 
were as follows: 


Table III. Showing cumulative error from incorrect use of pipette. 


Primary solution; 1 cc. =61-5 cc. N/10 AgNQO3. 
% deviation from 


Dilution Correct figure Result on titration correct figure 
lin 2 30-75 31-0 + 0-81 
lin 4 15-375 15-825 + 2-92 
lin 8 7-687 8-05 + 4:72 
lin 16 3-843 4-0 + 4-08 
lin 32 1-921 2-06 + 7-23 
lin 64 0-960 1-04 + 8-33 
1 in 128 0-48 0-535 + 11-45 
1 in 256 0-24 0-275 + 14-58 


This series illustrates very well the progressive nature of the error in a 
short series of dilutions when the pipette is wrongly used. If it can amount 
to 14 % using so large a pipette as one of 4 cc., how much greater must it be 
with a capillary pipette in which the surface wetted bears a far larger propor- 
tion to the volume of fluid measured. 

A method of preparing serum dilutions sometimes employed is as follows: 
Supposing one has three rows of tubes to fill, as in an ordinary T.A.B. agglu- 
tination, a tenfold dilution of the serum is prepared, and one volume placed 
in each of the first three tubes. Three volumes of the tenfold diluted serum 
are then put in a watch-glass and three volumes of saline added and mixed. 
A volume of this mixture is placed in each of the second three tubes, leaving 
three in the watch-glass, to which a further three volumes of saline are added 
for the third dilution and so on. The pipette is thus alternately wetted with 
pure saline and with the dilution at which one has arrived. If, on reaching the 
end, the volume remaining in the watch-glass is measured, it is never three 
volumes, but always less, by a half or a third of a volume. 

I have tested the degree of inaccuracy of this obviously inaccurate method 
in the following manner. I used a home-made pipette of narrow glass tubing, 
holding about 2 cc. to the top mark: it was actuated by a rubber bulb. The 
solution employed was a strong one of iodine in potassium iodide. I put two 
pipettesful of water into a glass dish, washed out the pipette several times 
with iodine solution, and then added two pipettesful of iodine solution to the 
dish and mixed well. Two pipettesful were transferred to tube 1, and then 
two more of water added to the dish and mixed. Hight tubes were thus filled 
in succession. The results on titration with sodium thiosulphate are seen in 
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Table IV. Showing cumulative error from erroneous technique. 
Primary solution; | ce. =61-14 cc, NV/10 thiosulphate. 


©, deviation from 


Dilution Correct figure Result on titration correct figure 
lin 2 30:57 30°7 + 0-42 
Lins 4 15-28 15-1 1-8 
lin 8 7-64 7:45 - 38 
lin 16 3°82 3-49 - 8-7 
Lin) 32 1-91 1-63 — 14-7 
lin 64 0-955 0-795 — 16-8 
Lin 128 0-477 0-36 — 24:6 
L in 256 0-238 0-175 — 26:5 


Whereas in the preceding experiment the error was a progressive one on 
the + side, this one shows a similar and worse error on the — side. The 
direction of the error depends on the precise departure from the proper use of 
the pipette. These are not the only experiments of the sort which I have made, 
but all have shown the same sort of thing. These are selected and set out here 
in detail to illustrate the fact that an error which appears negligible in the 
individual measurement becomes a serious one when it is cumulative. I know 
of no way in which a serologist is likely to use a pipette which will avoid such 
error: this is not said in blame, for he has not the time to employ the technique 
of the trained chemist. But he ought to know what his error is liable to be. 


THE DROP METHOD OF MEASURING. 


All the sources of error which attend measurement by pipette are entirely 
avoided in measurement by drops, and in their stead we encounter the new 
set of difficulties which attends the delivery of equal drops. These however 
are more easily overcome than in the case of the pipette. Donald has shown us 
a simple technique by which, with a little practice, it is easy to deliver sub- 
stantially equal drops of different fluids. [1915, 1916. ] 

The three important factors governing the size of a drop issuing from a 
vertically held pipette are (1) the external diameter of the nozzle, (2) the surface 
tension of the fluid, and (3) the rate of dropping. By the aid of a wire and 
drill gauge, such as can be bought at any good tool shop, pipettes of constant 
size can be made as they are needed. The variation in surface tension of differ- 
ent fluids, such as normal saline, fresh human serum, or phenolated rabbit 
serum, can be compensated by determining which holes in the gauge will 
furnish pipettes delivering sensibly equal drops of these fluids: once determined 
this has not to be done again. With a little practice any one can keep his drop 
rate reasonably constant at about one per second. All this can be read in 
detail in Donald’s published papers. 

There are two ways in which one may employ the method in measuring 
small volumes of fluids of different surface tension. With a single pipette one 
can determine the relative size of the drops furnished by each fluid, keeping 
the conditions constant—e.g. by ascertaining how many drops of each go to 
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make up | cc. It is then easy to calculate how many drops of each must be 
mixed to form any desired dilution. The objection to this way of working lies 
in the impossibility of measuring fractions of a drop. The second plan, that 
of calibrating two pipettes to deliver equal drops, is therefore much to be 
preferred. 

In endeavouring to test the accuracy of the drop method, I prepared a 
series of eight doubling dilutions of strong calcium chloride solution. The drops 
of this solution and of distilled water were found to be so nearly equal in size 
(256 to 245) that I did not attempt to make two pipettes to deliver equal drops, 
but adopted the first of the two plans just mentioned; I used one pipette, 
calculating the numbers of drops required and neglecting fractions of a drop. 
I did not therefore employ the method in the best way; nevertheless, as will be 
seen from Table V, the results were surprisingly good. 


Table V. Showing smallness of error with drop method. 


Primary solution of CaCl,; 1 cc. =61-5 ec. N/10 AgNO,. 
% deviation from 


Dilution Correct figure Result on titration correct figure 
pine? 30-75 31-25 EG 
Ain 4: 15-375 14:8 —- 3-7 

iin 1S 7-687 7-65 — 05 

lin 16 3°84 3-85 + 0:3 

Tim 32 1-92 1-95 + 1:5 
lin 64 0-96 0-945 - 16 

1 in 128 0-48 0-49 ae ll 

1 in 256 0-24 0-265 + 10-4 


It will be seen that the errors here are, with the exception of the eighth 
dilution, of the same small order as in the series of dilutions prepared by 
Dr Hurtley by “chemical” use of the pipette (see Table II). The result is 
very much better than anything I myself could achieve with a pipette. On 
the first two occasions on which I tried to make this series of dilutions the 
results had been wide of the mark, owing to miscalculation of the relative size 
of the drops of the two fluids. After Mr Donald had been so kind as to visit 
my laboratory and to point out certain mistakes in technique, the thing be- 
came easy, and the above figures represent my third attempt. The dropping 
was done at constant rate from a burette, provided with a Marriott’s tube to 
keep the pressure even, and not by hand. 

The advantages claimed by Donald for his drop technique appear to me 
to be justified. Anyone can make and calibrate his own pipettes, easily and 
cheaply as they are required. There is no cumulative error in preparing an 
ascending series of dilutions. The drop method can be used with the same 
accuracy in measuring very small volumes as larger ones, whereas it is with 
the small measurements frequently required by the serologist that the pipette 
method shows up to such disadvantage. Lastly, provided that the conditions 
for its use are duly observed, the drop method seems intrinsically more accurate 
than measurement by pipette. 
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CONCLUSIONS. 


The figures which have been given above are doubtless less exact than 
could have been obtained by weighing. Any errors which may have been 
incident to the process of volumetric analysis are of course superadded to 
those depending on faulty technique in the preparation of the series of 
dilutions. The errors of titration are probably, however, less than 1 % and 
[ believe that the results obtained are of sufficient accuracy to allow of a fair 
estimate of the degrees of error which may attend the measurement of small 
volumes of fluid in serological work. 

The chief conclusions which appear to follow from these few observations 
are as follows: 

(1) Volumes of 1 ec. and 0-5 ce. can be measured by pipette with reason- 
able accuracy. The error attendant on the attempt to deliver 0-1 cc. may 
amount to 5%, even when a 0-1 cc. pipette is employed. The delivery of 
0-01 ce. from a pipette may be exceedingly inaccurate. 

(2) The only way in which really accurate results can be obtained with a 
pipette in preparing an ascending series of dilutions, is to use it as a delivery 
pipette and to wash and dry it out between successive measurements. The 
alternative method, that of using it as a delivery pipette, mixing the dilution 
by shaking, and then washing out two or three times with the mixture, 
rejecting the washings, is one hardly adapted for serological work. Unless 
such precautions are taken the small error introduced, perhaps only one of 
0-5 °% in a single measurement, though probably much more with a capillary 
pipette, becomes magnified into one of 10 % or more at the eighth dilution. 

(3) The drop method is greatly to be preferred, for serological work, to the 
pipette method, provided it is properly carried out with calibrated pipettes. 

It may be urged that in a process such as the agglutination test, beset with 
liabilities to inaccuracy, an error of 10 % or so in the serum dilutions is not 
of much moment. For rough work perhaps it is not, but for accurate work it is. 
Improvement in agglutination technique can only be brought about by 
endeavouring to correct the individual sources of error which attend it. This 
is equally true of such methods as are involved in the technique of the Wasser- 
mann reaction. My excuse for publishing these few observations is that I have 
learned a good deal from them myself, and that it is possible that others may 
find them not without interest. 
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VI. ON THE SEPARATION OF ANTITOXIN AND 
ITS ASSOCIATED PROTEINS FROM HEAT- 
DENATURATED SERA. | 


By ANNIE HOMER. 
From the Lister Institute of Preventive Medicine. 
(Received February 7th, 1919.) 


Ir is recognised that in unheated antidiphtheritic and antitetanic sera the 
antitoxins are associated with the “salt-soluble” globulins precipitated be- 
tween 30 and 50 % of saturation with ammonium sulphate. For this reason, 
in the routine concentration of such sera, it has been customary to isolate and 
dialyse the protein precipitated between these limits and, recently, observa- 
tions have been published in regard to the factors limiting the degree of con- 
centration thereby obtained {[Homer, 1917, 1]. 

Further work has shown that, in heated sera, the association of the anti- 
toxin with these so-called Second Fraction Precipitates is affected by the 
extent of the denaturation of the proteins induced during the preliminary 
heating of the serum. The heat-denaturation is evidenced by an increased 
precipitability of each of the individual serum proteins by ammonium sulphate, 
a phenomenon which is accompanied by an increase in the ratio of “salt- 
insoluble” to “‘salt-soluble” globulins and by an association of antitoxin 
with the “salt-insoluble” protein thus formed [Homer, 1917, 2, 1918, 1}. 

In the light of these observations it was necessary to extend the scope of 
the previous investigations so as to ascertain: 

I. To what extent the limits for the precipitation with ammonium 
sulphate can be narrowed so as to include, in the Second Fraction Precipitates 
from heated sera, only those proteins with which the antitoxin is definitely 
associated. 

II. Whether or no the antitoxin is evenly distributed throughout the 
protein fractions precipitated at successive stages between the limits indicated 
in (I). 

I. THE LIMITS FOR THE PRECIPITATION OF THE SECOND 
FRACTION PRECIPITATES. 


The gradient for the curves representing the precipitation of the serum 
proteins at progressively increasing percentages of saturation with ammonium 
sulphate indicates that there are no critical points for the precipitation of the 
eu- or of the pseudo-globulin or of the serum albumin. 
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The protein precipitated from unheated sera between 30 and 50%, of 
saturation with this salt consists mainly of pseudoglobulin admixed with 
small amounts of euglobulin and of albumin, whereas that similarly precipi- 
tated from heated sera contains a lower proportion of admixed euglobulin and 
a greater proportion of albumin. As was to be surmised, the relative propor- 
tion of the proteins precipitated from heated sera at this stage was influenced 
by the extent of the denaturation induced during the heating of the serum. 

Kxperimental work was therefore undertaken to ascertain to what extent 
(a) the upper, and (6) the lower limit for the degree of saturation with am- 
monium sulphate could be changed so as to retain in the Second Fraction 
Precipitates only those proteins with which the antitoxin is definitely 
associated. 


(a) The upper limit for the precipitation of the Second Fraction 
Precipitates. 


The following observations show that the extent of the precipitation of 
albumin with the Second Fraction is a function of the heat-denaturation 
induced in the serum. 

To separate volumes of plasma were added the requisite volumes of acid 
or of alkali to adjust the | H’] to suitable values. The separate sera, after being 
heated at a temperature of 57° for six hours, were made 50 % of saturation 
with ammonium sulphate and filtered. From the gravimetric determinations 
of the albumin content of the filtrates was calculated the percentage of albumin 
precipitated with the Second Fraction Precipitates. It was found that, where 
the heat-denaturation had been of the order of 60, 50, 45, 35 and 22 % re- 
spectively the Second Fractions contained 75, 55, 45, 40 and 22 % of the total 
albumin of the plasma. 

As the antitoxin is attached to the pseudoglobulin and not to the albumin 
fraction of the serum proteins, the presence of albumin in the Second Fraction 
Precipitates must reduce the degree of concentration; its exclusion is, there- 
fore, desirable. 

It was found that the precipitation of heat-denaturated albumin could be 
eliminated by a sufficient lowering of the degree of saturation with ammonium 
sulphate. But, in the concentration of sera, where the main object is to ensure 
the complete recovery of the antitoxin in association with a minimum per- 
centage of the proteins of the original plasma, such a procedure is not practic- 
able. For, as there is no sharp line of demarcation between the precipitation 
of pseudoglobulin and of albumin from heat-denaturated sera, the lowering 
of the upper precipitation limit to the extent required for the complete 
exclusion of the albumin leads to considerable losses of antitoxin; the con- 
centration of ammonium sulphate thereby adopted is insufficient to pre- 
cipitate the whole of the pseudoglobulin and its associated antitoxin. 

Thus, from sera in which a heat-denaturation of 35 °% had been induced, 
there was a slight precipitation of denaturated albumin at 40 % of saturation 
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with ammonium sulphate; the extent of the precipitation rapidly increased 
with the further addition of ammonium sulphate. In order, therefore, to avoid 
the precipitation of albumin in the Second Fraction Precipitates it was 
necessary to lower the upper precipitation limit from 50 to 38 % of saturation. 

On the other hand the precipitation of the pseudoglobulin and antitoxin 
from the same serum was not complete until the concentration of the sulphate 
had reached 44 % of saturation. Thus, the precipitate isolated between 30 
and 42 % of saturation contained only about 90% of the antitoxin, while 
rather less than 80 % of the antitoxin was associated with the protein pre- 
cipitated between 30 and 40 % of saturation with the salt. 

This difficulty was even more pronounced in the fractional precipitation 
of the antitoxin and its associated protein from sera showing a more extensive 
heat-denaturation. Thus, from sera showing a heat-denaturation of 50 % or 
more there was a marked precipitation of albumin even at 26 % of saturation 
with ammonium sulphate. It is obvious that in such cases the elimination of 
albumin from the end products is impracticable. 

In dealing with the routine sera in which the heat-denaturation was of the 
order of 35 % or less, it was decided that the upper limit should not be reduced 
to less than 44 °% of saturation. Even this reduction led to the exclusion of a 
considerable proportion of the denaturated albumin which would have been 
precipitated at 5C °%, and, as a result, the end products in the former case 
showed a greater degree of concentration than was obtained in the latter. 
Thus, from a given serum, while the fraction isolated between 30 and 50% 
of saturation with ammonium sulphate contained 33-3 % of the total serum 
proteins, that between 3C and 44 °% of saturation contained only 25 % of the 
proteins. The load of antitoxin carried by the protein fraction thus isolated 
between the wider limits was of the order of 16,000 units and that between the 
narrower limits of 17,500 units per g. of protein. 


(b) The lower limit for the precipitation of the Second Fraction 
Precipitates. 


Having demonstrated that the degree of concentration is improved by the 
lowering of the upper limit for the precipitation of the Second Fraction by 
ammonium sulphate, the next step was to ascertain to what extent the lower 
limit could be raised so as to ensure the exclusion of that portion of the heat- 
denaturated globulin to which no antitoxin is attached. 

The preliminary precipitation and separation of the First Fraction Pre- 
cipitates (30 % of saturation with ammonium sulphate) from unheated sera 
remove most of the euglobulin together with a small amount of pseudo- 
globulin and antitoxin. The pseudoglobulin being “salt-solubie” can be 
recovered by the extraction of the precipitates with brine. On the other hand 
the corresponding precipitates from heated sera contain relatively greater 
amounts of heat-denaturated pseudoglobulin of which a certain proportion 
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has been converted into a “salt-insoluble” condition; the extent of the con- 
version is a function of the denaturation. 

In sera showing a heat-denaturation of 40° or less, the denaturated 
pseudoglobulin precipitated with the First Fraction Precipitates also carried 
down appreciable amounts of antitoxin but, as the latter was associated with 
salt-soluble protein, it could be recovered by an extraction of the precipitates 
with brine. 

The precipitation of antitoxin from sera showing a more extensive heat- 
denaturation began at, and was completed at, a much lower concentration 
with ammonium sulphate than in the above. The proportion of antitoxin 
carried down with the First Fraction Precipitates increased progressively 
with the heat-denaturation. At the same time, owing to the increasing in- 
solubility of the denaturated protein, there was a corresponding decrease in 
the percentage recovery of antitoxin and its associated proteins in a form 
suitable for clinical use. In fact, under some conditions, e.g. in sera more acid 
than P,, 4-5 or in sera containing excessive amounts of phenol and its homo- 
logues, or of ether, chloroform, etc., while practically the whole of the 
antitoxin is precipitated with the First Fraction Precipitates, only a small 
percentage of it can be recovered in solution, as the protein to which it is 
attached has become almost entirely “salt-insoluble.” 

From these observations it is clear that, in such sera, the lower limit for the 
precipitation of the Second Fraction with ammonium sulphate must be re- 
duced rather than raised. 

The attempts to increase the degree of concentration by raising the limit 
for the precipitation of the First Fraction Precipitates were, therefore, con- 
fined to such sera as showed a denaturation of less than 40 °% and the problem 
was accordingly studied in respect of sera showing a denaturation (1) of from 
25 to 40 %, and (2) of less than 25 %. 

The end products from (1) were clear and readily filtrable. Those from (2) 
were cloudy and, owing to the suspension of heat-denaturated protein, could 
only be filtered with difficulty; they also showed a lower degree of concen- 
tration and a lower percentage removal of the serum proteins than was 
obtained from the sera in (1). 


(1) Sera in which a heat-denaturation of 25 to 40.% had been induced. 


It was found that in such sera the amount of protein precipitated with the 
Second Fractions isolated between 30 and 44 % of saturation with ammonium 
sulphate was not appreciably less than in those isolated between 33 and 44 % 
of saturation. On the other hand by raising the lower limit for the precipita- 
tion of the First Fraction Precipitates to 36 % of saturation, the amount of 
protein isolated between 36 and 44 °% of saturation was only 70 % of that 
obtained between the wider limits. At the same time, however, there was a 
corresponding proportional increase (30 %) in the percentage of the antitoxin 
precipitated with the protein. 
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It is evident that no material gain resulted from the raising of the lower 
precipitation limit. On the contrary, the method of procedure was disadvan- 
tageous. It transpired that, while the antitoxin carried down with the First 
Fraction precipitated from the serum in question at 30 % of saturation with 
ammonium sulphate could be completely recovered by extraction of the 
precipitates with brine, that carried down with the precipitates at 33 and at 
36 % of saturation with the sulphate could not be recovered to the same 
extent. In the latter cases it seems as though the greater concentration of 
sulphions, presumably by an electrical charging of the protein molecules, 
favours the conversion of the heat-denaturated pseudoglobulin and _ its 
associated antitoxin into a “salt-insoluble” condition; the antitoxin attached 
to the protein thus rendered “salt-insoluble” cannot be recovered in a form 
suitable for clinical use even though its activity has in no way been impaired. 


(2) Sera in which a heat-denaturation of less than 25 % had been induced. 


As was to be expected the raising of the lower limit for the isolation of the 
Second Fraction Precipitates from sera showing a heat-denaturation of 25 % 
or less led to a more marked diminution in the amount of protein precipitated 
than was shown in the sera discussed in (1). 

Thus, in the cases investigated, the precipitate between 30 and 44 % of 
saturation with ammonium sulphate contained 15 and 48 % more protein 
than where the limits for precipitation had been 33-44 and 36-44 % of 
saturation respectively. Moreover, the products obtained from the dialysis 
of the protein precipitated between the widest limits were cloudy and un- 
satisfactory; those from the precipitates isolated between the narrower limits 
were clear, as the increased concentration of ammonium sulphate had given 
the particles of suspended heat-denaturated protein the necessary charge to 
ensure their aggregation, precipitation, and separation with the First Fraction 
Precipitates. 

The determination of the antitoxin associated with the Second Fraction 
Precipitates thus isolated showed that while those precipitated between 30 
and 44 % of saturation with ammonium sulphate contained the whole of the 
antitoxin of the original plasma, those between 33 and 44 % of saturation 
contained 95 % of the antitoxin, while only 65 °% was associated with the 
fraction isolated between 36 and 44 % of saturation with the salt. 

Hence, notwithstanding the increased precipitation of antitoxin with the 
First Fraction Precipitates induced by the raising of the lower limit of satura- 
tion with ammonium sulphate to 33 and 36 % respectively, the proportionally 
greater removal of protein thereby effected led to an increase in the degree of 
concentration shown by the end products. But, in no case was the concentra- 
tion increased beyond that which would have been obtained between the wider 
limits of precipitation had the serum been subjected to the preliminary adjust- 
ment recently advocated {Homer, 1918, 2]. 
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These observations show that the cloudy end products of unadjusted sera 
can be avoided by precipitating the First Fraction at 33 or 36 °%, of saturation 
with ammonium sulphate. Such an expedient will probably appeal to those 
engaged in routine work as being a simpler process than the preliminary adjust- 
ment of the serum. However, for the reason given above (p. 49), those who 
adopt the procedure must be prepared to face losses considerably greater than 
were recorded in my previous communication | Homer, 1918, 2], where the 
Kirst Fraction was precipitated at 30% of saturation with the sulphate. 

It is thus evident that, in the routine concentration of sera, in which a 
complete recovery of antitoxin is to be desired, the Second Fraction should 
not be precipitated within narrower limits than 30 to 44 °% of saturation with 
ammonium sulphate irrespective of whether the serum has been suitably 
adjusted previous to its being heated. 


Il. Is THE ANTITOXIN EVENLY DISTRIBUTED THROUGHOUT THE PROTEIN 
FRACTIONS SUCCESSIVELY PRECIPITATED AT STAGES BETWEEN THE 
LIMITS FIXED IN (I)? 


The Second Fraction Precipitates from heat-denaturated sera were further 
fractionated in successive stages between the limits suggested in (I) in order 
to ascertain whether the antitoxin was evenly distributed throughout the 
protein fractions respectively isolated, or whether it was mainly precipitated 
at a definite concentration with ammonium sulphate. 

The consideration of these points was of importance for, in the former case, 
the evidence would indicate that, in order to isolate antitoxin as a separate 
entity, means other than the fractional precipitation of the serum with salts 
must be employed. In the latter case then, for special clinical purposes such 
as for the intravenous or intrathecal injection of antitoxin, where a high 
unitage of antitoxin per gram of protein would be advantageous, it might 
be advisable to precipitate the antitoxin and associated protein within the 
narrow limits thus indicated, even though by so doing the percentage recovery 
of the antitoxin were considerably reduced. 

Experimental work was accordingly instituted in regard to the successive 
fractionation of the end products from the concentration of sera by the 
Homer (1916, 1918) methods. The investigation was confined to the examina- 
tion of: 

(a) Clear End Products, i.e. those from sera in which the reaction had 
been adjusted so as to ensure a heat-denaturation of about 35 %. 

(b) Cloudy End Products, i.e. those from sera in which the heat-denatura- 
tion was of the order of 25 % or less. 

In each case the end product was diluted with normal saline so as to reduce 
the protein content of the liquid to the order of 5 %. 

To a known volume of the diluted liquid was added a sufficient volume of 
a saturated solution of ammonium sulphate to bring the concentration of this 
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salt in the mixture up to 30 % of saturation. If a precipitate were formed at 
this stage the liquids were filtered. To an aliquot part of the filtrate was added 
the volume of the saturated solution necessary to raise the concentration of 
the sulphate in the filtrate to 33 °4 of saturation. The liquids were again 
filtered and by a similar method of procedure the animonium sulphate content 
of the filtrates was successively raised to the order of 36, 40, 45 and 50 % of 
saturation. 

The precipitates isolated at each of the successive stages were pressed and 
dialysed in the usual way. The protein content of the respective residues from 
dialysis was estimated with the aid of the Zeiss Refractometer; determinations 
were also made of the percentage of the total antitoxin units appearing in the 
respective end products. 

Owing to the scarcity of experimental animals the research could not be 
carried out so extensively as originally planned. Nevertheless the results, so 
far as could be obtained, have provided sufficient data to elucidate the problem 
under discussion. 


(a) The successive fractionation of the Clear End Products obtained from 
sera showing a heat-denaturation of about 35 %. 


Antidiphtheritic plasma was concentrated by the Homer (1918) method, 
the heat-denaturation of the plasma being regulated by the preliminary adjust- 
ment of the reaction. 

The end products, obtained from the dialvsis of the protein precipitated 
from the heated plasma between 30 and 45 % of saturation with ammonium 
sulphate, were clear and remained clear on dilution, for they were free from 
any opalescent suspension of heat-denaturated protein; subsequent tests 
showed that they were also free from “salt-insoluble” protein. 

The end product, under consideration, contained 15,000 units of antitoxin 
per gram of protein. After the necessary dilution with saline it was precipi- 
tated in the manner described above; the results are embodied in Table I. 


Table 1. The successive fractionation of the Clear End Products from the con- 
centration of antitoxic sera in which a heat-denaturation of 35%, had been 
induced. 

(The end product taken contained 15,000 units of antitoxin per gram of protein.) 


Percentages of satura- 


tion with ammonium The residues from the dialysis of the respective fractions showed 
sulphate marking the —-——————_——_ A_____— — — ~ 
limits for the precipi- Percentage Percentage of Number of units of anti- 
tation of the various of the total the total anti- toxin associated with 
fractions Appearance proteins toxic units 1 g. of protein 
0-30 a 0-0 0-0 _- 

30-33 clear traces traces — 

33-45 clear 80-0 73°5 13,800 

33-40 clear 62-5 59-5 14,500 

40-45 clear 18-5 16-5 13.800 

45-50 clear 2-5 2:8 16,000 


4—2 
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Krom a study of the table it will be seen that there was no appreciable 
precipitation of protein when the concentration of ammonium sulphate in the 
diluted end product was successively raised to 30 and to 33 °%, of saturation 
respectively, 

Between 33 and 40 ° 


» of saturation with the sulphate there was precipi- 


tated 62:5 % of the total pseudoglobulin of the end product, and with this 
protein there was associated 59-5 °%, of the total antitoxin. 

The protein precipitated from the diluted end product between 33 and 45 % 
of saturation with ammonium sulphate comprised 80 % of the total protein 
and 73-5 % of the total antitoxic units. Further fractionation indicated that 
62-5 % of the protein and 59-5 °% of the antitoxin were precipitated between 
33 and 40 % of saturation with ammonium sulphate; 18-5 °% of the protein 
and 16:5 °% of the antitoxin were precipitated between 40 and 45% of 
saturation with the sulphate; 2-5 °% of the total protein and 2-8 % of the 
total antitoxin were precipitated between 45 and 50 °% of saturation with the 
sulphate. 

Unfortunately owing to the shortage of experimental animals the fractiona- 
tion was not continued further. 

An examination of these results shows that, within the limits of experi- 
mental error, the percentage precipitation of antitoxin in the respective sub- 
fractions is directly proportional to the percentage precipitation of protein. 
Moreover, it will be seen that, at each stage of the precipitation, the load of 
antitoxin per gram of protein in solution was practically the same as that 
exhibited in the original liquid taken for fractionation, viz. of the order of 
15,000 units. 

Similar results were obtained from the fractionation of other clear end 
products. 

The data thus obtained have furnished sufficient evidence for the con- 
clusion that the antitoxin precipitated with its associated proteins from the 
heat-denaturated sera under discussion is proportionately distributed between 
the protein fractions successively precipitated at increasing concentrations of 
ammonium sulphate. 


(b) The successive fractionation of the Cloudy End Products from sera 
showing a heat-denaturation of 25 % or less. 


It has been demonstrated that the concentration of antitoxic sera which, 
prior to their being heated, contained an unsuitable percentage of phenol and 
its homologues or of which the reaction lay between P,, 5-5 and 7-4, led to the 
production of cloudy end products. The latter yield a lower degree of con- 
centration than that furnished by sera adjusted so as to ensure not only a more 
extensive denaturation but also better conditions for the precipitation of the 
heat-denaturated protein with the First Fraction Precipitates at 30% of 
saturation with ammonium sulphate. 
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Some of these cloudy products were taken and fractionally precipitated in 
stages in the manner described above (p. 50). 

The data with regard to the percentage precipitation of the total protein 
and of the total antitoxin with the fractions precipitated at the various stages 
have been included in Table II. 


Table Il. The successive fractionation of the Cloudy End Products from the 
concentration of antitoxic plasma in which a heat-denaturation of 25 °/, had 
been induced. 

(The end product under consideration contained 12,000 units of antitoxin per gram of 
protein in solution.) 


Percentages of satura- 
tion with ammonium ‘The residues from the dialysis of the various protein fractions showed 
= A 


sulphate marking the SSS = — 
limits for the precipita- Percentage Percentage Number of units of anti- 
tion of the respective of the total of the total toxin associated with 
fractions Appearance protein antitoxin 1 g. of protein 
0-30 —- 0-0 0-0 -— 

30-33 thick suspension 1G:O ss 6-0 4,550 

30-36 markedly opalescent 48-8 35:0 8,600 

33-36 clear 32-0 28-0 10,500 

33-40 clear 57-0 58-0 12,300 

40-45 clear 8-9 10-0 13,500 

36-40 clear 24-5 30-0 14,500 


In the case recorded, the addition of ammonium sulphate to the diluted 
end product to the extent of 30 °% of saturation did not cause a precipitation 
of protein. 

Between 30 and 33 % of saturation there was precipitated 16 % of the 
total protein and with this was associated only 6 % of the total antitoxin. 
The fraction between 30 and 36 % of saturation contained 48-8 °% of the total 
protein and 35 % of the total antitoxin. The percentage of the total protein 
precipitated in both of these fractions is considerably greater than that of the 
antitoxin, the disparity being more marked in the former fraction. 

An analysis of the respective results shows that, by difference, there was a 
direct proportionality between the percentage of protein and antitoxin in the 
fraction precipitated between 33 and 36 % of saturation with the sulphate. 
A separation of the protein precipitated at 33% of saturation with the sul- 
phate was made and the filtrate was sub-fractionated further, the details 
being given in Table II. 

These results indicate that, after the preliminary separation of the protein 
precipitated at 33°% of saturation with the sulphate, the sub-fractions 
successively isolated show the same proportionality as regards the relative 
precipitation of antitoxin and protein as was found in the sera discussed 
in (1). 

In another case, not recorded in the Table, in which the heat-denaturation 
was less than 20 %, the sub-fraction precipitated between 30 and 33 % of 
saturation with ammonium sulphate contained about 20 % of the total protein 
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and about 5 °% of the total antitoxin; that between 33 and 36 °%, of saturation 


) 


(, of the total protein and about 16 % of the 


with the sulphate contained 36 ‘ 
total antitoxin. In such sera the sub-fractions isolated from the filtrates after 
the preliminary removal of the protein precipitated at 36%, of saturation 
showed the proportionality exhibited after the preliminary removal of protein 
precipitated at 33 °% in the previous case and at 30 %, of saturation in the sera 
discussed in (a). 

A study of Table II also shows that in the First Sub-fraction (30-33 % of 
saturation) the load of antitoxin per gram of protein is considerably less than 
in the subsequent fractions and in the original solution. Moreover, as was to 
be expected, the sub-fractions subsequently precipitated after the preliminary 
removal of this First Sub-fraction contained a load of antitoxic units per gram 
of protein slightly greater than that shown by the original liquid. However, 
the load of antitoxin per gram of protein was in no case greater than it would 
have been had the reaction been suitably adjusted as in (a). 

From these results it is obvious that in heat-denaturated sera showing a 
denaturation of 25 % the concentration of the end products and their degree 
of clarity can be increased by raising the precipitation limit for the First 
Fraction Precipitates to 33% of saturation with ammonium sulphate. In 
sera showing a lower degree of denaturation it is necessary to raise the limit 
to 36 °% of saturation in order to achieve the maximum advantage. In these 
cases the increased concentration of the sulphate ensures the precipitation and 
separation of heat-denaturated globulin to which a small portion only of the 
antitoxin is attached: this protein would have been precipitated at 30 % of 
saturation in sera suitably adjusted as in (a). 

After the preliminary removal of the denaturated globulin to which a com- 
paratively low percentage of the antitoxin is attached, the remainder of the 
antitoxin was found to be evenly distributed throughout the successive sub- 
fractions precipitated by successively raising the concentration of ammonium 
sulphate. 

It was also observed that, in the unadjusted sera under discussion, the 
protein fractions respectively precipitated between 30 and 33, and between 
30 and 36 % of saturation with the sulphate did not dialyse completely. The 
increased concentration of sulphions had induced an apparent irreversible 
precipitation of heat-denaturated protein. The precipitate thus formed was 
only partially redissolved by long saturation in about ten times its bulk of a 
saturated solution of salt. 

A study of the data given in Tables I and II shows that, while from the 
whole serum the proteins associated with the antitoxin were precipitated 
between 30 and 45 % of saturation with ammonium sulphate, the precipitation 
of the refined products within the same limits yielded only 80 % of the pro- 
tein-antitoxin combination. It has been my experience that the percentage 
addition of ammonium sulphate necessary for the complete precipitation of a 
particular fraction of an individual protein is influenced by the concentration 
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of the latter and by the presence of other proteins in solution: it is also 
affected by the degree of purity of the protein and its rarity in solution. The 
relationships hereby involved are being more fully investigated. 


SUMMARY. 


1. For the complete recovery of antitoxin during the concentration of 
sera, showing a heat-denaturation of 35% or less, by fractional methods 
employing the use of ammonium sulphate it is advisable to precipitate the 
Second Fraction between 30 and 45 % of saturation with the sulphate. 

If the upper limit be reduced there will be incomplete precipitation of 
pseudoglobulin and antitoxin and a certain percentage of the latter will be 
discarded with the “albumin” filtrates. 

If the lower limit be raised then antitoxin will be precipitated with the 
First Fraction Precipitates in a form not readily soluble in brine, and, there- 
fore, to all intents and purposes lost. 

2. In the precipitation of the Second Fraction from sera in which a 
denaturation of 25 % or less has been induced, the raising of the lower limit 
to 33 or to 36 % of saturation leads to the production of clearer and more 
concentrated end products than those obtained by the adoption of the lower 
limit of 30 % of saturation. ; 

However, for the reasons given in (1) the benefit thus gained is minimised 
by the greater losses of antitoxin thereby incurred. 

Moreover, the degree of concentration is not increased beyond that which 
would have been obtained had the serum been suitably adjusted and subse- 
quently treated as in (1). 

3. In heated sera showing a denaturation of 35 % or less the bulk of the 
antitoxin is associated with the proteins precipitated between 36 and 45 % 
of saturation with ammonium sulphate. 

4. The further fractionation of the protein isolated between the limits 
indicated in (3) showed that the percentage of the total antitoxin precipitated 
between progressively increasing percentages of saturation with the sulphate 
is directly proportional to the percentage precipitation of protein at the 
respective stages. 

5. From these observations it is clear that, in order to isolate antitoxin, 
means other than the fractional precipitation of the serum proteins must be 
employed. 
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VII. ON THE INCREASED PRECIPITABILITY OF 
PSEUDOGLOBULIN AND OF ITS ASSOCIATED 
ANTITOXIN FROM HEAT-DENATURATED SO- 
LUTIONS. 


By ANNIE HOMER. 
From the Lister Institute of Preventive Medicine. 
(Received February 18th, 1919.) 


Some time ago an investigation was undertaken in order to furnish data as 
regards the increased precipitability of pseudoglobulin relatively to that of 
its associated antitoxin from solutions of which, prior to their being heated, 
the reaction had been adjusted to values between Pj, 4:5 and 9-5. 

In view of the need for the immediate application of the results to routine 
work, the data obtained with regard to the precipitability of the protein from 
solutions of which the reaction had been adjusted to about Py 8-0 were 
included in a previous paper |Homer, 1917, 1]; the data furnished from the 
wider aspect of the problem form the subject matter of the present communi- 
cation. 

The study of the changes in the precipitability of the pseudoglobulin pre- 
sented no difficulty, but, unfortunately, the scarcity of experimental animals 
has considerably limited the scope of the investigation as regards the fate of 
the antitoxin. 


(a) THE INCREASED PRECIPITABILITY OF PSEUDOGLOBULIN FROM ITS 
HEAT-DENATURATED SOLUTION BY AMMONIUM SULPHATE. 


The solution of pseudoglobulin and antitoxin used in the experiment. was 
prepared as follows from unheated oxalated antidiphtheritic plasma pooled 
from the bleedings from several horses. 

To 4 litres of plasma was added an equal volume of a saturated solution of 
ammonium sulphate; the mixture was allowed to remain at room temperature 
for 4 hours before being filtered. The precipitate, after being well drained, was 
thrown into 8 litres of a half saturated solution of ammonium sulphate, care 
being taken both to break up the lumps of precipitate and to keep the mixture 
stirred from time to time. After two days of this treatment the mixture was 
filtered. The well drained precipitate was gently pressed between cloths and 
boards to express as much of the adhering fluid as possible; it was then 
dissolved in 4 litres of water and the solution was submitted to a repetition 
of the above described process. 
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To the solution of globulins finally obtained were added 4 litres of a satur- 
ated solution of sodium chloride together with sufficient solid salt to ensure 
complete saturation. The brined liquid was allowed to remain at room tem- 
perature for seven days and was then filtered. To the filtrate, containing the 
“salt-soluble” globulin in solution, was added 0-25 % of glacial acetic acid; 
the ensuing precipitate of pseudoglobulin was filtered, pressed and dialysed 
in the usual way. The residue from dialysis was diluted so as to reduce the 
protein content to the same order as that of the original plasma. 

To twelve separate volumes of the experimental liquid were added varying 
amounts of acetic acid or of ammonia to adjust the reaction to values between 
P,, 4:5.and 9-5; the [H’] of each of the liquids was measured by the electrical 
method. The stoppered bottles containing the adjusted liquids were placed 
in a water bath at 57-5° and were kept at this temperature for a period of 
six hours. 

Samples of the unheated solutions were made respectively 26, 30, 33, 36 
38, 40, 42-5, 44-5 and 47 % of saturation with ammonium sulphate and were 
then filtered. The protein content of the filtrates was measured by means 
of the Zeiss Immersion Refractometer, and the data thus obtained were com- 
pared with those derived from similar determinations of the heated liquids. 


Table I. Showing the influence of heat-denaturation on the precipitability of 
pseudoglobulin from its solutions at increasing concentrations of ammonium 
sulphate. 

The solutions which contained 7-48 % of pseudoglobulin were heated at 57-5° for 6 hours. 


Residual percentage of pseudoglobulin in the filtrates from the 


Experi- Pu of the heated liquids respectively brought to the following degrees of 
mental liquids prior to saturation with ammonium sulphate 
liquid their being a Bos _ — 
No. heated 26 30 33 36 38 40 42-5 44:5 47 
0 control unheated 740 7:33 5°16 2-48 1-88 1-48 1:04 0-40 0-20 
1 9-5 3-47, 93:08) 1-37 0:60. 0-20) 0-00, 0,00) | 0:00" 0-00 
2 9-3 4-38 3-61 1-74 0:64 0:34 0-14 0:00 0:00 0-00 
3 8-7 704 4-31 294 1-40 0-53 036 0-00 0:00 0:00 
4 8-3 736 468 2:58 1:64 1-26 105 0-21 ,_ 000 0:00 
5 7:5 748 5:33 3°24 1:54 I-50 -— 0:15 0:02 0-00 
6 6-4 (elon 10-0408) 9-DOln 24 ele On O21 10:02) 0-00 
dl 59 Tce 5:46 3°18 2-28 1-26 0-80 0-20 0-00 0-00 
8 5-1 5-05 4:62 2:95 1:79 095 0-75 O21 0-00 0-00 
9 4-9 336 2:77 1-87 0:18 | 0:20. 0:00. ©6-00. 0:00 0-00 
10 4-65 185 185 162 000 0-00 0-00 0:00 0:00 0:00 
1] 4-5 1-05 1-05 0-46 0-00 0-00 0-00 0-00 0-00 0-00 


The results embodied in Table I indicate the percentages of pseudoglobulin 
remaining in solution in the filtrates from the respective pseudoglobulin- 
ammonium-sulphate mixtures. From these data was calculated the per- 
centage precipitation of pseudoglobulin at the respective stages: the latter 
results have been depicted in Table IT. 
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Table IL. Showing the relation between the extent of the heat-denaturation of 


pseudoglobulin and its increased precipitability by ammonium sulphate. 


The solutions which contained 7:48 °% of pseudoglobulin were heated at 57-5° for 6 hours. 
o hs 


Pru of the Percentage Percentage of the total pseudoglobulin precipitated 
Experi- liquids denaturation from the solutions by the addition of ammonium sulphate 
mental — prior to of the to the following degrees of saturation 
liquid their being — pseudo- ; 4 = 
No. heated elobulin 26 30 33 36 38 40 42-5 44:5 47 
0 control unheated 00 16 30:1 67:0 75:7 80:0 86:0 94:7 97:3 
l 9-5 53-5 53-4 58-8 82-4 92:0 97:3 100-0 100-0 100-0 100-0 
2 9-3 47°3 41-2 51-5 76:4 92-5 95-7 98-1 100-0 100-0 100-0 
3 8-7 38:1 55 42-1 71:3 80-1 92-9 95-9 100-0 100-0 100-0 
1 8:3 34-0 10 37-6 62-7 78:0 84:0 86:0 97:3 100-0 100-0 
5 io 25-0 0:0 27:5 56:2 79:3 80-0 --- 98-0 100-0 100-0 
6 6-4 21-8 3:0 243 51:0 67:0 840 90-0 98-0 99-0 100-0 
7 5:9 22-7 3:1 26-4 55-6 69-4 84:2 89:0 97-5 99-0 100-0 
8 5-1 33°3 32:2 38:0 60:5 76:0 87-2 89-5 97-5 100-0 100-0 
9 4-9 60-0 55:0 63-0 75-7 98:0 98-0 100-0 100-0 100-0 100-0 
10 4-65 70-0 75:5 75:5 78-0 100-0 100-0 100-0 100-0 100-0 100-0 
ll 4-5 83-0 86:0 86:0 94-0 100-0 100-0 100-0 100-0 100-0 100-0 


From a study of the tables it will be seen that, in the unheated liquid, the 
precipitation of pseudoglobulin begins at about 28 % and is not quite com- 
pleted at 47 % of saturation with the sulphate. 

In the heated liquids there was complete precipitation of the protein at a 
much lower concentration of sulphate than that required in the unheated 
liquid. Thus, where a heat-denaturation of from 20 to 30 % had been induced, 
the precipitation of protein was complete at about 44 %, of saturation with the 
sulphate; where the denaturation was of the order of 50 %, there was complete 
precipitation of the protein between 38 and 40% of saturation with the 
sulphate; as the denaturation was further increased, so the concentration of 
ammonium sulphate necessary for the complete precipitation of the pseudo- 
globulin diminished. 

It will also be seen that the precipitability of the protein, at each degree 
of saturation with the sulphate, was considerably greater in the heated than 
in the unheated liquids, the increase being most pronounced where the heat- 
denaturation was greatest. : 

The latter point is more clearly brought out by the plotting of the results 
given in Table II in the form of curves. For the sake of clearness it was 
necessary to present the curves in two figures. In Fig. 1 have been included 
the curves representing the precipitation of protein by ammonium sulphate 
from the unheated liquid and from the heated acid liquids of which the 
reaction lay between the values P,, 7-4 and 4-5: the curves in Fig. 2 represent 
the precipitation of protein from the heated alkaline liquids of which the re- 
action lay between Py, 7-1 and 9-5. 

From the relative positions of corresponding points on the curves it is 
evident that. at the respective concentrations of ammonium sulphate, the 
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precipitation of protein is greater from the heated than from the unheated 
liquids. 

To take a case in point: in the unheated solution 40 °% of protein was con- 
verted from the emulsoid to the suspensoid condition at 34 % of saturation 
with ammonium sulphate: the same percentage conversion was obtained in 
the heated liquids at lower concentrations with ammonium sulphate. Thus, 
in the heated liquids Nos. 1, 2, 3, 4, 5, 6, 7 and 8 in which the denaturation 
had been of the order of 53-5, 47-3, 38-1, 34, 25, 21-8, 22-7 and 33-3 % the 
above precipitation of protein was respectively achieved at 25, 28-8, 30-5, 31, 
31-5, 31-5, 31 and 30 % of saturation with the sulphate. 
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Percentages of saturation with ammonium sulphate. 
Fig. 1. 
Curves representing the percentage precipitation of pseudoglobulin from unheated and from 
heated solutions by increasing concentrations of ammonium sulphate. 
Curve 0 for the unheated liquid; Curves 6, 7, 8, 9, 10 and 11 for the heated liquids of which the 
reaction, prior to their being heated, had been adjusted to Py 6-4; 5-9; 5-1; 4:9; 4-65 and 
4-5 respectively. 


It will be seen that the group of curves 0, 3, 4, 5, 6 and 7, representing the 
precipitation of protein from those liquids in which a heat-denaturation of 
40 % or less had been induced, is marked by a similarity of configuration 
throughout the whole of the range investigated; the shift in the relative 
positions of corresponding points on the curves is constant and is a measure 
of the increased precipitation induced by the heat-denaturation of the protein. 

On the other hand, while there is a marked similarity between the con- 
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figuration of the individual curves in the group 1, 2, 8, 9, 10 and 11 the com- 
posite type of curve differs from that of the former group. The shift in the 
relative positions of corresponding points is not constant, the magnitude of 
the increased precipitation being relatively greater for the lower concentra- 
tions with the sulphate, a phenomenon which is accompanied by an increasing 
‘salt-insolubility”’ of the denaturated protein precipitated at stages in the 
flat portion of the curves. 


Percentage precipitation of pseudoglobulin from its solution. 


26 28 30 8632 34 36 38 40 42 44 46 48 
Percentages of saturation with ammonium sulphate. 


Fig. 2. 
Curves representing the percentage precipitation of pseudoglobulin from unheated and from 
heated solutions by increasing concentrations of ammonium sulphate. 
Curve 0 for the unheated solution. Curves 1, 2, 3, 4 and 5 for the heated solutions of which, 
prior to their being heated, the reaction had been adjusted to Py 9-5; 9:3; 8-7; 8-3 and 
7-5 respectively. ; 


(b) THE PRECIPITATION OF ANTITOXIN WITH HEAT-DENATURATED 
PSEUDOGLOBULIN. 


It had been my intention to ascertain the limits of saturation with am- 
monium sulphate between which the antitoxin was precipitated from each of 
the twelve solutions dealt with in (a). But, owing to the long continued 
scarcity of experimental animals, it was impossible to carry out the scheme 
on such an extensive and comprehensive scale, and, therefore, the scope of the 
work has been restricted to a determination of the extent of the association 
of antitoxin with the protein precipitated at a conveniently chosen concen- 
tration with ammonium sulphate, viz. at 30 % of saturation with the salt. 
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The method of procedure was as follows. To each of the twelve solutions 
dealt with in (a) was added the necessary volume of a saturated solution of 
ammonium sulphate to bring the concentration of the latter in the mixture 
up to 30% of saturation. The mixture was filtered; the protein and the anti- 
toxin content of the filtrates were estimated in the usual way; the values 
obtained were compared with those for the experimental solution. From 
these data was calculated the percentage of the total antitoxin precipitated 
with the protein from the respective solutions. 

The data thus furnished were incorporated in Table III and in the curve 
in Fig. 3. They show that while in the unheated liquid the precipitation of 
antitoxin at 30 % of saturation with the sulphate is negligible, in the heated 
liquids the proportion precipitated at this stage is considerable and increases 
with the extent of the denaturation. 


Percentage precipitation of antitoxin with the pseudoglobulin. 


20 30 40 50 60 70 80 90 
Percentage precipitation of the pseudoglobulin. 
Fig. 3. 


Curve representing the relative precipitations of pseudoglobulin and antitoxin at 30% of 
saturation with ammonium sulphate from solutions of which, prior to their being heated, 
the reaction had been adjusted to values between Py 4-5 and 9-5. 
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Table ILL. Showing the relation between the extent of the heat-denaturation of 
pseudoglobulin and the precipitation of antitoxin with the denaturated 


protein by 30%, of saturation with ammonium sulphate. 


The solution of pseudoglobulin showed a potency of 450 units per ce. 


Percentage of the Percentage of the total 


total pseudoglo- — antitoxic units precipi- 
Percentage de-  bulin precipitated tated with the pseudo- 
Ex peri- Py of the liquid naturation of — at 30 % of satura- clobulin at 30 % of 
mental prior to its the pseudo- tion with ammon- saturation with 
liquid No. being heated globulin ium sulphate ammonium sulphate 
0 control 7-1 unheated 1-6 -- 
| 9-5 53°5 58°38 50 
2 93 47°3 51-5 40 
3 8-7 38:1 42-1 30 
4 8:3 34-0 37-6 20 
5 75 25-0 27:5 20 
6 6-4 21:8 24-3 12 
7 5-9 22-7 26-4 15 
8 5-1 33:3 38-0 20 
9 4-9 60-0 63-0 Hs) 
10 4-65 70-0 75:5 > 66< 80 
11 4-55 83-0 86-0 >80<90 
12 4-4 too solid to measure > 90 


The precipitation of antitoxin was least from those liquids showing the 
least extensive denaturation (Nos. 4, 5, 6, 7 and 8), and in these cases the pro- 
portion of the total protein precipitated by the sulphate was not a linear 
measure of the proportion of the total antitoxin associated with the precipi- 
tate. In the more acid and in the more alkaline liquids, there was a marked 
increase in the precipitation of protein and of antitoxin, but it was found that 
the increased precipitation of protein beyond that shown in Nos. 4, 5, 6, 7 
and 8 was a measure of the accompanying increased precipitation of antitoxin 
at this stage. 

It seems justifiable to conclude that in the unheated liquid there is a com- 
paratively small load of antitoxin attached to the fraction of pseudoglobulin 
which is precipitated at about 34 to 35% of saturation with ammonium 
sulphate, that is, with the pseudoglobulin which, in unheated sera, would be 
precipitated at concentrations of ammonium sulphate slightly greater than 
that required for the precipitation of the euglobulin. A comparatively low 
degree of heat-denaturation suffices to ensure the precipitation of this fraction 
of the pseudoglobulin at 30% of saturation with the sulphate. A more 
extensive denaturation leads to the precipitation at this stage of fractions 
of the pseudoglobulin which, in the unheated hquids, would require con- 
siderably greater concentrations of the sulphate. The antitoxin is evenly 
distributed throughout the range of the latter fractions, a deduction readily 
made from the study of the curve in Fig. 3 taken in conjunction with the 
results obtained in a recent investigation of the further fractionation of the 
proteins of heat-denaturated sera [Homer, 1919]. 
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The data thus obtained also furnish additional evidence that, in the 
fractional precipitation of antitoxin and pseudoglobulin by ammonium sul- 
phate, an increase in the extent of the denaturation, up to a point, favours 
the isolation of the antitoxin with a correspondingly decreased percentage of 
the original protein. But beyond this previously described limit |Homer, 
1917, 2,3; 1919] a more extensive denaturation ceases to be advantageous, for, 
with the further increased removal of protein there is a correspondingly in- 
creased proportional precipitation of antitoxin; moreover, much of the anti- 
toxin thus precipitated is lost, as the protein with which it is associated has 
been converted into a “salt-insoluble” condition. 

The consideration of the above results taken in conjunction with those 
from my previous investigations leads me to the conclusion that, in order to 
isolate the bulk of the antitoxin from antitoxic sera in association with a 
minimum percentage of the total serum proteins, there is no need for the pre- 
liminary prolonged heating of the serum originally advocated by Banzhaf and 
Gibson [1907] and now generally adopted by those engaged in the con- 
centration of sera. For while I have shown that, if the preliminary heating 
be conducted to the best advantage, the antitoxin can be isolated from heated 
sera in association with a minimum amount of protein in the fraction pre- 
cipitated between 30 and 44 % of saturation with ammonium sulphate, my 
more recent work demonstrates that the same results would have been 
obtained by the isolation of the protein fraction precipitated from the unheated 
serum between (czrc.) 36 and 50 % of saturation with the sulphate. 

The concentration of antitoxic sera by the fractional precipitation of the 
unheated serum by ammonium sulphate, as indicated above, is obviously a 
shorter process than those in which a preliminary heating of the serum is 
adopted. Furthermore, the fractional precipitation of the unheated plasma or 
serum between the higher limits for the concentration of ammonium sulphate 
is not attended with the filtration difficulties so often experienced with heated 
sera fractionated between the lower limits, for, in the former case not only 
is the complete separation of the euglobulin with the First Fraction assured, 
but the possibility of trouble arising from the incomplete agglutination of 
particles of heat-denaturated protein is avoided. 

The above considerations seem to indicate that from the point of view of 
the isolation of antitoxin and its associated protein, there is no practical 
advantage to be gained by the preliminary heat-denaturation of the serum. 

There is, however, some evidence to show that, from a clinical point of view, 
the heating of the serum is beneficial. For, it has been found that the sub- 
cutaneous injection into mice and guinea-pigs of a given amount of cresylic 
acid causes more pronounced toxic symptoms when administered in solution 
in presence of unheated serum proteins than when in the presence of serum 
proteins previously heated to 57-5° for four hours. 

My observations with regard to the fractional precipitation and concen- 
tration of unheated sera and to the lessened toxicity of cresylic acid in presence 
of heat-denaturated proteins will be dealt with in later communications. 
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SUMMARY. 


|. The increased precipitability of pseudoglobulin from its heat-de- 
naturated solutions at concentrations of ammonium sulphate ranging from 
26 to 47 &% of saturation is a function of the heat-denaturation. 

2. The increased precipitation of pseudoglobulin thus induced in (1) at 
30% of saturation with ammonium sulphate is accompanied by an increased 
precipitation of antitoxin. With the least extensive denaturation, the per- 
centage of the total proteins precipitated at this stage is greater than that of 
the antitoxin; as the denaturation increases so the further increased pre- 
cipitability of the protein becomes a linear measure of the increased precipi- 
tation of the antitoxin. 

3. Inthe concentration of antitoxic sera by the fractional precipitation of 
the serum with ammonium sulphate there is no need for a preliminary pro- 
longed heating of the serum. The results that are now obtained by the isolation 
from the heated serum of the protein fraction precipitated between 30 and 
44 © of saturation with ammonium sulphate could be obtained from the 
unheated serum between 36 and 50% of saturation with the sulphate. 

4. The heating of the serum reduces the toxicity of the cresylic acid- 
protein complex. 

5. The data furnished in this research also point to the conclusion that, 
in order to isolate antitoxin as a separate entity, means other than the frac- 
tional precipitation of pseudoglobulin solutions by salts must be employed. 
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VIII. THE RELATION OF SUGAR EXCRETION 
TO DIET IN: GLYCOSURIA. 


By JOHN MELLANBY anp CHARLES R. BOX. 
From the Physiological Laboratory, St Thomas's Hospital, London. 


(Received February 15th, 1919.) 


THE modern treatment of diabetes is founded on the experimental work of 
Allen [1915] on the effects of starvation on the excretion of sugar in glycosuria. 
The observation that the urine of many people suffering from this disease 
may be freed from sugar by starvation forms the basis of the experimental 
work detailed in the following pages. 

It is clear that if the urine of a man suffering from glycosuria is rendered 
sugar free by starvation, then, the effect of any diet on his sugar excretion 
may be determined. The accuracy of the results is limited by the fact that it 
is not desirable to keep a man in a constant state of starvation. But, by a 
careful choice of the time at which a desired food is given, and by making a 
graphic time record of the sugar subsequently excreted, a considerable amount 
of information may be obtained on the effect of that foodstuff on the excretion 
of sugar. From an analysis of these results, considered in conjunction with 
other observations in this disease, an hypothesis has been advanced on the 
causation of glycosuria in diabetes mellitus. 

The main results recorded were obtained from a man, aet. 53, suffering 
from diabetes mellitus. When he came under observation he was excreting, 
per diem, about 250 g. of dextrose contained in four litres of urine. 

The sugar determinations were made by a method originally described by 
Wood and Berry [1903]. In this method 25 cc. of a copper solution (suggested 
by Soldaini [1876]) were boiled for 15 minutes with | ce. of urine, and the 
precipitated cuprous oxide was filtered off by asbestos felt contained in a 
Gooch crucible. The cuprous oxide was dissolved in 25 ce. of a 2-5 % solution 
of ferric sulphate contained in 25 % H,SO,, and the equivalent amount of 
ferrous sulphate formed was estimated by a standard solution of perman- 
ganate. The strength of the permanganate solution was such that 1g. of 
dextrose was equivalent to 264 cc.. KMnQ,. 

The man’s diet was carefully weighed and controlled during the experi- 
mental period. Whenever he emptied his bladder the amount of urine excretéd 
and the time of excretion were noted. The quantity of dextrose contained in 
l ce. of urine was determined. The man was encouraged to micturate at 
frequent intervals so that a time curve showing the rate of sugar excretion 
could be obtained with a fair degree of accuracy. 
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(a) Starvation. When the man first came under observation a three days’ 
fast was required to free his urine from sugar. The following detailed experi- 
ment was made three weeks later and shows, inter alia, that a considerable 
improvement had taken place in his condition. His last meal was taken at 
6.30 p.m. Within 24 hours his urine was free from sugar. The table shows the 
effect of deprivation of all food on the average sugar and urine excretion 
per hour. 


Amount ce, KMnO, Total Sugar Urine 
Time of urine for 1 ce, sugar per hour per hour : 

ce. g. g. ce. 

4.30 p.m. 253 16-4 15-7 — = 
8 SS 224 12-6 10-7 3:6 64. 
Midnight 337 8-4 10-8 2-68 84 
2.30 a.m. 280 9-9 10-5 4-2 112 
8 5 224 79 6-7 1-22 40 
9 2 224 7:95 6-73 6-73 224. 
11 x 450 1-35 2-3 1-15 225 
1.30 p.m. 476 0-85 1-54. 0-62 190 
3.30 ,, 253 0-25 0-24 0-12 226 
5.30 ,, 364 0-05 0-068 0-034 182 
8 cf 503 0-05 0-096 0-038 201 
1 a.m. 224 0-05 0-042 0-008 45 


Sugar in grams per hour 


6pm 8 10 12 Qam 4 6 8 10 12 QPm 


The results are shown graphically in Fig. 1. The rapid disappearance of 
sugar from the urime in starvation is shown in a clear way. From midnight 
to noon he excreted 37 g., from noon to midnight 2 g. of dextrose. The dis- 
appearance of sugar from the urine when no food was taken afforded a means 
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whereby the effect of diet on the excretion of dextrose in the urine could be 
determined. Incidentally it may be remarked that the curve shows the effect 
of taking caffeine (contained in tea without milk or sugar) at 8a.m. The 
amount of urine was greatly increased, and, although the percentage of sugar 
in the urine remained constant, yet the total quantity of sugar excreted 
showed a prominent rise. Again, it is well known that the amount of urine 
excreted in glycosuria is roughly proportional to the amount of sugar contained 
in the urine. It may be observed that whereas this generalisation held true 
for the first 12 hours when the urine contained a large amount of dextrose, the 
parallelism ceased when the urine became sugar free. 

(b) Extractives. The object of this experiment was to ascertain whether 
the absorption of any substance from the alimentary canal, considered inde- 
pendently of its energy value, caused an excretion of sugar in the urine. Since 
only one-fifth of the total energy contained in the extractives of meat is 
utilised by the body, the man was given 840 cc. of beef tea to drink when his 
urine was free from sugar. The following table shows the results observed: 


Amount cc. KMnO, Total Sugar Urine 
Time of urine for 1 ce. sugar per hour per hour 
CO. g. g. Ce. 
9-10.15 a.m. 56 1-6 0-3 0-15 25 
4.30 p.m. 140 6-6 3°58 0-7 25 
8 3 84 4-6 1-45 0-41 24 


The beef tea was taken between 2.30 p.m. and 4.30 p.m. Only a small 
quantity of sugar was excreted, about equal to the carbohydrate extracted 
from the beef. No definite evidence was obtained in favour of the assumption 
that the extractives contained in beef may give origin to sugar, nor that the 
act of absorption from the alimentary canal may cause the excretion of sugar 
in the urine. 

(c) Alcohol. It was of interest to determine the effect of a relatively simple 
substance of a high calorific value on the excretion of sugar. Alcohol was 
chosen for this purpose since it has obtained a reputation as a foodstuff of 
considerable value in the dietetic treatment of diabetes mellitus. 112 cc. of 
whisky containing 30 % of alcohol were given in two portions at 10 p.m. and 
4 a.m. respectively. In each case water was added to make the volume of the 
diluted fluid 250 cc. The following figures show the excretion of sugar and 
urine during the experimental period. 


Amount ce. KMnO, Total Sugar Urine 
Time of urine for 1 ce. sugar per hour per hour 
cet g. g. ce. 
8-11 p.m. 56 3°5 0-74. 0-245 19 
1 a.m. 112 3-0 1:3 0-65 37 
Dees: 140 0-8 0-42 0-42 140 
Oy. 56 0-9 0-20 0-05 14 


The figures show that after the ingestion of alcohol the excretion of sugar , 
increased a small amount only—from 0-245 ¢. to 0-65 g. of sugar per hour. 
Since alcohol is metabolised to a considerable extent by the body—only 2 % 
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being excreted—it is evident that the tissues can utilise a simple substance 
containing carbon, hydrogen and oxygen only without a concomitant excretion 
of sugar in the urine. This fact is of some practical value since the calorific 
value of alcohol is seven and the available energy obtained from 112 ce. of 
whisky containing 30 % alcohol amounts to 235 K. 

(d) Protein. The effect of protein on the excretion of sugar was determined 
by giving a meal of 112 ¢. of caseinogen at 4.30 p.m. The urine was not free 
from sugar before giving the caseinogen since, four hours previously, the man 
had eaten a small quantity of beef and green vegetables. However, the com- 
parative results, and particularly the graphic record of these results, clearly 
show the effect of caseinogen on the excretion of sugar. 


Amount ec. KMnO, Total Sugar Urine 
Time of urine for 1 ce. sugar per hour per hour 
10.30 a.m. to ce. g. g. ce. 
2.30 p.m. 196 2-1 1-56 0-39 49 
AO OlEss 280 36 3:8 1-9 140 
8 5; 168 4-5 3°12 0-89 45 
10 of 336 4-9 6-25 3-12 168 
5 a.m. 364 0-4 0-56 0-08 52 


The results are shown graphically in Fig. 2. It is evident from the figure 
that the excretion of sugar between 8 p.m. and 10 p.m. was due to the ingested 
caseinogen. On this assumption the metabolism of 112 g. of caseinogen caused 
the excretion of 6 g. of dextrose in the urine. The caseinogen was sugar-free 
so that the dextrose must have originated from the amino-acids of the protein. 
It is of interest to compare this result with that obtained by Janney [1915] 
on a phlorhizinised dog. In this case 48 °, of the ingested protein appeared in 
the urine as dextrose. Since it is assumed that a dog treated with this drug is 
incapable of utilising dextrose, the deduction is made that caseinogen contains 
48 °% of amino-acids which normally may give rise to dextrose. From these 
figures it may be calculated that the man was capable of utilising 89 % of 
the amino-acids of caseinogen which were available for conversion into 
dextrose. 

(e) Carbohydrate. Whatever the carbohydrate eaten—starch, cane sugar, 
lactose or laevulose—dextrose only was excreted in the urine. The effect of 
carbohydrate on the excretion of sugar was determined in detail. Carbohy- 
drate in three forms was given: (i) laevulose, (ii) cane sugar, (11) oatmeal 
(starch). 

(i) Laevulose. The view is often expressed that laevulose is utilised to a 
considerable degree by people suffering from glycosuria. The results recorded 
show that laevulose is utilised to a less degree than either cane sugar or starch. 

56 g. of laevulose dissolved in 224 cc. of water were taken at 8 p.m. The 
comparative results depicted in Fig. 3 show the effect on the sugar excretion 
of this ingested laevulose. 
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Amount ec, KMnO, Total Sugar Urine 
Time of urine for 1 ce. sugar per hour per hour 

ec, g. g. ec, 

3 to 5 p.m. 140 77 4-04 2:02 70 
S . 56 9-2 1-93 0-64 19 
S50.» ay 168 9-2 5:85 11:7 336 
10 - 280 15-1 16-1 10-7 187 
1.30 a.m. 280 12-0 12:7 3-65 80 
3 * 70 10-5 2:8 1-86 46 
6 - 112 5-0 2:1] 0-7 Bi, 


The curve shows that the ingested laevulose caused a very rapid rise in 
the amount of sugar excreted in the urine. Within 30 minutes the rate of 
sugar excretion increased from 0-64 g. to 11-7 ¢. per hour. The results also 
show that the greater part of the effect passed off in two hours since after that 
time the average rate of sugar excretion fell from 10-7 g. to 3-65 g. per hour. 
The figures allow an approximate calculation to be made of the amount of 
sugar excreted after eating 56 ¢. of laevulose. The average sugar excretion 
before eating the laevulose at 8 p.m. was 0-64 &. per hour. It again fell to this 
level at 3a.m. It may therefore be concluded that the sugar excreted, due to 
the ingested laevulose, was confined to the urine formed between 8 p.m. and 
3a.m. Also it may be assumed that during this period 0-6 g. of sugar per hour 
was due to the metabolism of foodstuffs, other than laevulose, previously 
eaten. On these assumptions it may be calculated that 33 ¢. of sugar were 
excreted as the result of eating 56 ¢. of laevulose—or of the laevulose ingested 
41 % was utilised whilst 59 °4 was excreted in the urine. Comparative colour 
tests showed that practically the whole of the reducing sugar excreted was 
dextrose. The urine passed at 8.30 p.m. and 10 p.m. gave a characteristic 
Selivanoff reaction. The colour produced under standard conditions when 
compared with the colour produced under similar conditions in normal urine 
to which known amounts of laevulose had been added indicated that only 
0-75 g. of laevulose was excreted as such. Therefore the following conclusions 
may be summarised from these observations: (a) nearly 40% of the ingested 
laevulose was excreted as dextrose, and (b) within two hours two-thirds of 
the excreted sugar had been so transformed and excreted. 

(11) Cane sugar. In order to determine the capacity of the man to utilise 
this form of carbohydrate, 112 ¢. of cane sugar were dissolved in 450 cc. of 
water. The syrup was taken at 7.15 p.m. The following figures show the 
amount of sugar excreted during the experimental period: 


Amount ce. KMnO, Total Sugar Urine 
Time of urine for 1 ce. sugar per hour per hour 
11.15 a.m. to ce. g. g. ce: 

4.30 p.m. 140 6-6 3°52 0-67 26-5 
8 a5 84 4-6 1-52 0-435 24-0 
] a.m. * 392 17-4 25°8 5:2 78-0 
4 95 140 21-3 11-4 3°8 47-0 
U 3 56 4-0 0-85 0-28 8-0 


SUGAR EXCRETION AND DIET IN GLYCOSURIA 7g 


These results, shown graphically in Fig. 4, illustrate in a clear manner the 
effect of eating 112 g. of cane sugar on the amount of sugar excreted in the 
urine. At 8 p.m., immediately after eating the cane sugar, the average amount 
of sugar per hour in the urine was 0-435 g.; up to 4.a.m. there was a large 
rise in the excretion, and after that time the average per hour fell to 0-28 g. 
It may be concluded that the sugar excreted at 1 a.m. and 4 a.m. was mainly 
derived from the ingested cane sugar. On this assumption, and allowing 0-3 ¢. 
of sugar per hour as derived from some source other than the cane sugar, it 
may be calculated that the ingestion of 112 g. of cane sugar resulted in the 
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output of 36-5 2g. of sugar in the urine. There was no cane sugar contained in 
the urine, since its reducing power was unchanged after hydrolysing with | % 
H,SO, at 120° for 30 minutes. Also there was only a trace of laevulose in the 
urine—less than 0-1 g. Hence we may conclude that the 36-5 g. of reducing 
sugar contained in the urine consisted of dextrose only. Now 112g. of cane 
sugar when hydrolysed yield 124g. of invert sugar. Therefore after the 
absorption of 124 g. of invert sugar from the alimentary canal 87-5 g. were 
utilised by the tissues whilst 36-5 @. were excreted as dextrose. Despite the 
fact that the man excreted sugar not only on a carbohydrate diet but also 
on a protein diet, his tissues possessed a capacity to utilise carbohydrate 
derived from cane sugar to the extent of 71 %, only 29 % being excreted as 
dextrose in the urine. 
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(iii) Oatmeal. This foodstuff has been advocated by Van Noorden as a 
suitable diet for diabetics. The capacity of the man to utilise carbohydrate 
when presented in this form was therefore determined. On the first occasion 
the man ate 28 g. of oatmeal at midday. The following figures show the effect 
of this food on his excretion of sugar. 


Amount ec. KMnO, Total Sugar Urine 
Time of urine for 1 ce. sugar per hour per hour 
8.30 a.m. to ce. g. g. CC. 
10.30 a.m. 84 2-05 0-65 0:33 42 
3 p.m 84. 1:05 0-34 0-07 18 
4 5 252 2-4 2-28 2-28 252 
10 i 168 5D 3°5 0-87 42 
2 a.m. 280 0-25 0-26 0-06 70 


The results are shown graphically in Fig. 5. It may be seen from the 
diagram that the ingestion of 23 g. of oatmeal resulted in the excretion of 
5:78 @. of dextrose. Now 23 e. of oatmeal contain 14-7 g. of starch, and this 
on hydrolysis yields 16-4 ¢. of dextrose. Therefore a diet containing carbo- 
hydrate equivalent to 16-4 @. of dextrose resulted in 10-6 g. being retained by 
the tissues and 5-8 @, being excreted in the urine. In other words 35 % of the 
available carbohydrate was excreted as dextrose whilst 65 °% was utilised by 
the tissues of the body. 
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A second experiment was made in which 184 g. of oatmeal were given in 
four equal portions, 7.e. 469. at 5a.m., 8.30a.m., 12.30 p.m. and 4.30 p.m. 
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The object of the experiment was to determine whether he could utilise carbo- 
hydrate to a greater or less extent when it was continuously supplied to the 
tissues of the body during the day, in contradistinction to the above experi- 
ment in which a small quantity of carbohydrate was given at one meal. The 
following results were obtained: 


Amount ec. KMnO, Total Sugar Urine 
Time of urine for 1 ce. sugar per hour per hour 

ce. g. g. ce. 

1-5 a.m. 112 sel 3-9 0-97 28 
9:30° 3; 168 14-0 8-9 2-0 37 
Noon 168 13:3 8-5 3-4 67 
3 p.m. 168 13-0 8-25 2-75 56 
Be Ay 84 12-4 3-95 1-97 42 
10 53 252 18-8 17-9 3-6 50 
2.15 a.m. 112 9-5 4-03 0-95 26 


The results are plotted in Fig. 6. The graphic record shows that the sugar 
excretion due to the oatmeal eaten at the four meals during the day extended 
from 9.30 a.m. to 10 p.m. During this time the amount of dextrose excreted 
(allowing | g. of sugar per hour as derived from sources other than the oatmeal, 
i.e. the quantity excreted per hour before and after the experimental period) 
amounted to 35-5¢g. The oatmeal eaten contained 118 g. of starch and this 
on hydrolysis would yield 130g. of dextrose. Therefore of the total carbo- 
hydrate (calculated as dextrose) available during the day approximately 
94-5 o. were metabolised by the tissues of the body and 35-5 g. were excreted 
in the urine; or in other words, 73 °/, was metabolised and 27 % excreted. 
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K.XPERIMENTAL RESULTS. 


The results detailed in the previous pages as to the relation of sugar 
excretion to diet in a man suffering from a moderate form of diabetes mellitus 
are summarised below: 

(1) When first determined the daily output of sugar was about 250 g. 
contained in 4 litres of urine. Starvation freed the urine from sugar in 60 hours. 
Three weeks later the sugar excretion per diem was 120 ¢. contained in 3 litres 
of urine. A second period of starvation rendered the urine sugar-free in 
24 hours. 

(2) Whatever the carbohydrate eaten—starch, cane sugar, lactose or 
laevulose—dextrose only was excreted in the urine. 

(3) Starch and cane sugar were utilised to the extent of 70 %; laevulose, 
on the other hand, was utilised only to the extent of 40 %. 

(4) The capacity of the tissues to utilise sugar was not an absolute amount 
but was determined by the quantity of carbohydrate presented to them. Thus 
when 14:7 @. of starch were eaten 65 % was metabolised by the tissues and 
35 °%% was excreted as dextrose. When 118 g. of starch were eaten 73 % was 
utilised by the tissues and 27 °% excreted as dextrose. In the latter case nine 
times as much carbohydrate was metabolised as in the former case.- 

(5) Amino-acids, contained in caseinogen; available for conversion into 
dextrose, were utilised to a greater extent than starch. Thus only 6g. of 
dextrose were excreted in the urine after eating 112g. of caseinogen, 2.e. 
89 °% of the amino-acids available for conversion into dextrose were meta- 
bolised. 

(6) Within two hours of the ingestion of 56 g. of laevulose 30 e. of dextrose 
were excreted in the urine. 

(7) The absorption of extractives of small energy value from the alimen- 
tary canal produced no increased excretion of sugar. 

(8) Considerable quantities of alcohol were metabohsed without a con- 
comitant excretion of sugar in the urine. 

The following additional facts have been observed in other cases of diabetes 
mellitus. : 

(9) In diabetes mellitus there is a marked hyperglycaemia. The amount 
of dextrose in the blood may exceed 0-4 %. During starvation the amount of 
sugar in the blood diminishes and reaches a normal level when the excretion 
of sugar in the urine ceases. 

(10) The liver of a child whose death was due to diabetes mellitus possessed 
as great an action on carbohydrate and fat as that of a child suddenly killed 
by accident. 
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DIscUSSION OF RESULTS—THE ABNORMAL FACTOR IN DIABETES MELLITUS. 

Various hypotheses have been advanced as to the causation of this disease. 
Among such hypotheses may be mentioned those which assign the abnor- 
mality to (a) the alimentary canal, (b) the liver, (c) the muscles. The experi- 
mental results given in the previous pages offer some evidence in favour or 
against these hypotheses. 

(a) The alimentary canal. The hypothesis that the essential cause of 
diabetes is an alimentary toxaemia received strong support from the results 
obtained by starvation on the excretion of sugar. But the observations that 
some cases of diabetes continue to excrete sugar even after prolonged periods 
of starvation, and that the absorption of water, alcohol or extractives from 
the alimentary canal does not increase the excretion of sugar, militate against 
this hypothesis. 

(b) The liver. In many fatal cases of diabetes the liver is found enlarged. 
This fact, together with the knowledge of the part played by the liver in carbo- 
hydrate metabolism, forms the basis of the hypothesis that in diabetes mellitus 
the liver is at fault. The assumption that hypertrophy is due to an attempt on 
the part of the organism to compensate for a diminished functional activity 
receives no support from a consideration of the ferment activity of the organ. 
Within two hours of the ingestion of 56 g. of laevulose 30 g. of dextrose were 
excreted in the urine—a chemical change which may be assumed with some 
degree of certainty to have occurred in the liver. Further, preparations made 
from the liver of a child who had died from diabetes were no less active on 
various forms of carbohydrate and fat than similar preparations made from 
the liver of a child accidentally killed. Apart from the question of ferment 
activity, however, it might be assumed that the essential failure in the chain 
of carbohydrate metabolism in diabetes mellitus is the inability of the liver to 
form compounds, analogous to phosphatides in fat metabolism, for the trans- 
port of dextrose to the muscles. This assumption is negatived by the fact that 
in diabetes the body can utilise to an equal degree carbohydrates presented 
to it in large or small quantities. It is clear that any synthetic deficiency would 
be more marked the greater the quantity of substance to be elaborated. 

(c) The muscles. Cohnheim’s [1903] hypothesis that there is a deficiency 
of pancreatic kinase required to activate the precursor of the glycolytic 
ferment in muscle—diabetes being due to a failure of the muscles to utilise 
dextrose, secondary to a disorder of the pancreas—was not supported by the 
experimental results of Patterson and Starling [1913] on the rate of utilisation 
of dextrose by the perfused hearts of depancreatised dogs. They demonstrated 
that pancreatic glycosuria in dogs does not result in the production of such a 
condition that cardiac muscle is unable to utilise dextrose presented to it in 
a perfusing fluid. 

Again, there is no evidence that the muscles are unable to utilise dextrose 
in diabetes. Muscular weakness is never a prominent symptom except in 
advanced cases of the disease. Further, many observations have been made 
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showing that even with pronounced glycosuria no acetone or allied bodies 
may be present in the urine. Now an early sign of carbohydrate deficiency in 
the body is the exeretion of B-hydroxybutyrie acid and acetone. Therefore, 
in these cases, it is clear that the tissues are able to elaborate all the carbo- 
hydrate they require for their metabolic activities. In fact, if the quantity of 
dextrose present in the blood is such that the muscle cells can elaborate an 
amount of energy complex commensurate with their requirements, then the 
concomitant excretion of sugar by the kidneys does not involve any evidence 
of muscular weakness or the excretion of acetone bodies in the urine. The 
fundamental fact observed in the experiments recorded is that the capacity 
of the tissues to utilise carbohydrate is not an absolute amount but is deter- 
mined by the quantity of carbohydrate presented to them. Now an established 
law of ferment action is that the quantity of substrate changed by a ferment is 
proportional to its concentration. We must therefore consider the carbo- 
hydrate ferments of the muscle cells as the weak link in the chain of carbo- 
hydrate metabolism. The following hypothesis is put forward to elucidate 
the phenomena observed. 

The muscles in diabeles mellitus are able, to a limited extent only, to 
utilise dextrose in the concentration at which it exists in normal blood, the 
degree of limitation being proportionate to the severity of the disorder. There 
is therefore a call for a higher concentration demanding more sugar from the 
sources of supply. Thus the percentage of sugar accumulates in the blood until 
it reaches a level at which it is excreted by the kidneys. On this hypothesis 
the accumulation of sugar in the blood and the resultant glycosuria are 
secondary to changes in the synthetic activity of the muscle ferments. The 
muscles are able to utilise dextrose but, compared with normal muscle, they 
are unable to synthesise the inogen complex at a rate commensurate with 
their expenditure of energy from dextrose present in the blood at a concen- 
tration below that at which it is excreted by the kidneys. Hyperglycaemia in 
diabetes is a compensatory mechanism. The resultant glycosuria is a secon- 
dary effect depending on the fact that so far as the tissues of the body generally 
are concerned the activities of the kidneys are so regulated that dextrose 
present in the blood in a percentage greater than a certain amount is excreted 
in the urine. 

This hypothesis demands as a corollary that the muscles are the active 
agents which mobilise the carbohydrate stores of the body. We propose to 
consider the problem, whether the active agent is a chemical hormone elabor- 
ated by the muscles or whether the central nervous system is involved in the 
metabolic chain, in a subsequent communication. 
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IX. NOTE ON THE ROLE OF THE ANTI- 
SCORBUTIC FACTOR IN NUTRITION. 
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CONSIDERABLE interest is focussed at the present time upon the antiscorbutic 
substance found in many natural foodstuffs, and the relationship of this sub- 
stance to scurvy in man and to experimental scurvy in guinea-pigs and 
monkeys lias been the subject of many investigations during the past few 
years. These researches have demonstrated that if individuals of these species 
are fed upon a dietary deficient in the antiscorbutic substance they will 
sooner or later exhibit the classical symptoms of scurvy. Other species, 
however, appear to be able to thrive for long periods of time upon similar 
dietaries, without showing apparent symptoms of ill-health, much less definite 
pathological lesions. Such a species is the rat. The researches upon the growth 
problem have been carried out very largely with this animal as an experimental 
subject, and they have yielded results which indicate that the rat requires for 
a satisfactory completion of its life cycle a diet containing not only adequately 
adjusted supplies of protein, fat, carbohydrate and inorganic salts, but also 
a sufficient supply of two accessory factors, which have been provisionally 
termed “fat-soluble A,” and “water-soluble B.” The general opinion has up 
to the present held that if the diet is adequate in these respects the rat will 
show a normal rate of growth and a normal standard of nutrition throughout 
the usual span. This has led to the assumption that the rat is a species repre- 
sentative of a type showing no susceptibility to scurvy, since to all intents and 
purposes it has been possible to obtain a normal standard of nutrition through- 
out its life period, although the diet has been seriously, if not totally, deficient 
in the antiscorbutic factor or “ water-soluble C.” The only alternative to such 
an assumption, as was pointed out by McCollum and Pitz [1917] is to conclude 
that scurvy is in reality not a deficiency disease in the sense in which the term 
has been employed during the past ten years. 

Since this alternative has been shown to be unsatisfactory, and since it is 
now established without any doubt that scurvy is indeed a typical deficiency 
disease [Harden and Zilva 1918, 1], we are faced with the need for an explana- 
tion of the ability of the rat to grow.and maintain apparently excellent health 
in the absence of the antiscorbutic substance. 
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Quite recently Harden and Zilva |1918, 2] have brought forward experi- 
mental evidence that the antiscorbutie factor does play a beneficial réle in 
the nutrition of the rat. They state that rats subsisting on a diet containing 
the antiscorbutic substance as well as the water-soluble and fat-soluble factors 
erow better than rats from the diet of which the antiscorbutic factor is 
absent. 

This, they point out, indicates that rats are susceptible to an antiscorbutic 
deficiency although they do not develop definite lesions of the disease. Some 
time prior to the publication of this paper the same point was under investi- 
gation in this laboratory, because some rough experiments had indicated that 
recovery from the pathological condition induced by a deficiency of fat-soluble 
A was in certain cases more rapid when a diet containing butter fat plus orange 
juice was given than when the ration contained butter fat but no fruit 
juice. 

Two standard dietaries were made up as follows: 


Ration | Ration 2 

Purified caseinogen 20 parts 20 parts 

be. starch OY 3 35 Is{0) he 
Butter fat PAD) 5 20) es 
Salt mixture De bes Dyes 
Yeast extract by Sars by ys 
Orange juice Ove IK) 53 
Water A0 io 30) a 


Several healthy litters of young stock rats of approximately the same age 
were selected and each litter was halved. Two batches were then made up of 
the halves of the divided litters, so that half of each litter would receive each 
dietary. At the commencement of the experiment the animals were about 
six weeks old and were all of very similar body weight. These two batches 
were fed, the one on the orange juice diet and the other on what may be termed 
the scorbutic ration. 

Both lots grew well, and after maturity was reached breeding was per- 
mitted, and the growth and development of the second generation were also 
watched. 

Throughout the experiment, more satisfactory development was shown by 
the batches receiving the orange juice addition to their diet. The differ- 
ence was not marked until the animals approached maturity, and was 
not discernible to the eye, being only apparent in a study of the body 
weight. 

Table I gives the average weights of male rats upon the two diets. All the 
animals in each batch showed body weights very close to the average, so that 
there was no case of one or two low weights causing an unfair reduction of 
the value. 
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Table I. Average Weights of Male Rats in grams. 


Ration 1 Ration 2 Donaldson 

Days (6 animals) (6 animals) [1915] 
0 62 64 -- 
30 124 122 125 
60 161 183 : 184 
90 193 213 223 
120 208 234. 244 
150 220 248 258 
180 233 256 268 
210 241 263 274 
240 245 278 280 
270 249 287 296 


A similar observation was made in the case of the females, but in this case 
it is difficult to illustrate the fact clearly in tabular manner owing to the dis- 
turbances in the weight increments caused by pregnancies. In these two 
batches there was just as little to choose between the appearance of the 
animals as was observed in the case of the males. After maturity was reached 
the breeding propensities of both batches were good, although on the whole a 
larger number of litters was obtained from the females receiving the orange 
juice diet. 

The representatives of the second generation nourished upon the two 
rations were in every case of good appearance, but Table II demonstrates 
that those receiving the orange juice supplement were able to grow at the 
more rapid rate. All litters were reduced to a uniform size (4) immediately 
after birth, so as to equalise the labour of rearing the young animals imposed 
upon the females of the two sets. 


Table IT. 
Males Females 
g — 
Ration | Ration 2. Standard value Ration 1 Ration 2. Standard value 
Days average of 9 average of 11 of Donaldson average of 10 average of 18 of Donaldson 
0 (birth) 5-7 ¢. 6-02. as 5-7 g. 6-0 ¢. = 
7 14:5 ,, 15-0 ,, = 14-0 ,, 14-6 ,, a 
14 23°5 ,, 23°D ;, aan 22°6 ,, 22°6 ., — 
21 34:2 ,, 36-0 ,, 30-0 g. 30-2 ,, 32:0), 28-0 ¢. 
28 48-0 ,, 52:0 ,, 48-5 ,, 48-0 ,, 50:0 ,, 41-0 ,, 
56 122-0 ,, 146-0 ,, 110-0 ,, 1020 ,, 105-0 ,, 100-0 ,, 
84 165-0 ,, 204:3 ,, 173°0 ,, 132-0 ,, 146-0 ,. 143-0 ,, 
112 TiO) 226-4 ,, 213-0 ,, 146-0 ,, 159-0 ,, 166-0 ,, 


Although these figures represent the averages of somewhat small numbers 
of animals, they may be taken as indicating that the rat requires the anti- 
scorbutic factor in order to achieve a normal development, and that although 
the requirements of this species are of a very much smaller order than those 
exhibited by man, the monkey or the guinea-pig, they are sufficiently well- 
marked to dispel any idea that there exists a fundamental difference in the 
nutritive requirements of the two types of animal. 
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These results are in agreement with those published recently by Harden 
and Zilva [1918, 2]. 

It may therefore be accepted as experimentally proven that the dietary 
requirements of the higher animals include in addition to a satisfactorily 
balanced ration of protein, fats, carbohydrate and mineral salts, an adequate 
supply of three accessory food factors: 

1. Fat-soluble A. 
2. Water-soluble B, or antineuritic factor. 
3. Water-soluble C, or antiscorbutic factor. 
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OTHER than numerous observations upon the distribution of fat-soluble A in 
foodstuffs curiously little attention has been devoted to that important sub- 
stance. The present study was begun with the object of ascertaining its 
chemical nature. 

Few definite statements regarding the properties of fat-soluble A are to 
be found in the literature. By many it has been considered to be a relatively 
thermostable substance, a view which has led to suggestions being advanced 
that it was a more or less clearly defined chemical unit such as a lipoid. 
McCollum and Davis [1914, 1] reported that the factor was present in an 
ether extract of boiled eggs, whilst Osborne and Mendel [1915] found the 
growth promoting properties of butter fat unaffected by treatment with steam 
for over two hours. 

More recently, however, the thermostability of the accessory factor has 
been questioned by Steenbock, Boutwell and Kent [1918], who have demon- 
strated that exposure of butter fat to a temperature of 100° C. for four hours 
is sufficient to destroy most, if not all, of its growth stimulating powers. 

Regarding the chemical nature of fat-soluble A practically no information 
has been derived from a study of the literature. McCollum and Davis [1914, 2] 
hydrolysed butter fat in a non-aqueous medium at room temperature and, 
without attempting any separation of the products of hydrolysis, believed they 
had obtained evidence that fat-soluble A had survived the process. 

A very considerable amount of work has been carried out in this laboratory 
aiming at the isolation and identification of fat-soluble A. Much of the earlier 
work, however, was based on an assumption that the factor is relatively 
stable to temperatures below 120°. 

This assumption was founded partly on the results obtained by previous 
workers which have already been referred to, and partly on the observation 


1 The author wishes to express his indebtedness to the Medical Research Committee for a 
grant which defrayed part of the expenses of this investigation. 
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that many oils, in the preparation of which drastic processes employing high 
temperatures have been used, were found to be rich sources of fat-soluble A. 
Kxamples of oils of this type are many fish oils |Drummond, 1918]. 

Kew of the early experiments will be described because they have scarcely 
any interest in the light of the results yielded by the examination of the 
stability of the accessory factor A. 

The thermostability of this factor was not doubted until an enquiry into 
the effects of hydrogenation upon the factor present in oils was undertaken 
in collaboration with Professor W. D. Halliburton, at the request of the Oil 
and Fats Committee of the Food Investigation Board. 

This investigation yielded results which demonstrated beyond any doubt 
that fat-soluble A, in the form in which it oécurs in natural animal fats, 1s 
much less stable to high temperatures than has been previously assumed. 
Such an observation necessitated a complete revision of all the previous 
experiments to isolate and identify the factor, in many of which high tempera- 
tures had been employed. 


EXPERIMENTAL METHOD. 


At an early stage it became apparent that some more or less approximately 
standardised method of testing substances for the presence of fat-soluble A 
was necessary, if any results of a comparable nature were to be obtained. The 
elaboration of such a method presented very great difficulties, as may well be 
imagined by those who have had experience in this field of research. 

Although the method to be described is far from perfect, it has nevertheless 
yielded somewhat more useful results than would have been obtained by 
direct feeding tests of the usual type. The method is at present being used as 
a routine in this laboratory and should be useful for comparative studies, when 
improved by certain modifications which are now under consideration. 

The animals used in trials of this nature are selected from our own carefully 
bred stock, and are, therefore, of a higher standard than those which form 
the average stock supplied by outside breeders. 

The beneficial results of using none but home-bred stock are quickly 
apparent in this type of research and should be borne in mind by anyone who 
attempts to undertake it. Young healthy rats selected from the main stock 


and weighing about 50g. are fed upon an artificial ration constituted as 
given below: 


Purified caseinogen re ine ss ... 20 parts 
sin Starch: |): Sas est ae ioe. OO) ee 
Salt mixture as as of Soh ees Ae con fees 
Yeast extract (source of water-soluble B) VO kes 
Butter fat (source of fat-soluble A)... seat eae 


Filtered orange juice (source of water-solubleC) 5 ,, 
The last constituent is added because it has been recently shown that rats 
show a more satisfactory growth and development when their ration contains 


a 
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the antiscorbutic factor in addition to the other requisites. [Harden and Zilva, 
1918; Drummond, 1919. ] 

Whilst nourished upon this ration the young rats should show a strictly 
normal rate of growth and maintain good health. Any which fail to do so in 
this preliminary period are regarded as unfit for experimental purposes and 
are rejected. The remainder, having given evidence of a normal power to 
erow, are removed from the complete ration when they have attained an 
average body weight of 70 to 80 g. and are given a dietary similar to the above 
but in which the butter fat has been replaced by an equivalent amount of a 
fat known to be deficient in fat-soluble A. 

For this purpose considerable use has been made of hardened linseed oil, 
which contains no detectable traces of the accessory substance A. Occasionally 
when a very important experiment was undertaken this fat was further 
purified by one recrystallisation from alcohol. 

Fed upon this diet deficient in fat-soluble A the experimental animals should 
quickly cease growing. Occasionally a very vigorous individual will continue to 
grow for some weeks after the deficiency has been introduced and such animals 
should not be employed in experiments of a comparative nature. The majority 
of the young animals show greatly retarded growth after a week upon the 
deficient dietary. When it is definitely established that growth is inhibited by 
the deficiency of fat-soluble A, the linseed oil is either wholly or partially 
replaced by the substance to be tested. The behaviour of the animal is then 
closely watched during a period of from four to six weeks. An absence of fat- 
soluble A in the added fraction is indicated by no growth on the part of the 
animal, followed by a decline in health accompanied by the characteristic eye- 
condition which has somewhat loosely been termed a xerophthalmia. 

On the other hand, if the animal shows growth, the rate of this may be 
taken to be roughly proportional to the amount of fat-soluble A which has 
been supplied by the added fraction. Finally, in cases where little or no growth 
has been observed during the period when the unknown substance was tested, 
the rats are placed upon the original complete dietary in order to determine 
whether they still possess the power to grow when all their nutritive require- 
ments are supplied. 

It will naturally be realised that it is of great importance to determine the 
food intake throughout experiments of this type, although there is no need 
for other than approximate values, unless the trial is one of a crucial nature. 
The importance of working along some such roughly standardised lines as 
these is quickly impressed upon one during the course of an investigation of 
this nature, for it has been ascertained that the requirements of animals for 
the fat-soluble accessory substance become smaller as maturity is approached, 
so that the age of the experimental animals and their food intake must be 
taken into careful consideration. 
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Krrect oF TEMPERATURE ON FAT-SOLUBLE A. 


As has already been stated this study arose from an enquiry into the effect 
of hydrogenation on the fat-soluble factor present in oils and fats. Very large 
quantities of oils are now hardened by the catalytic method of reduction with 
gaseous hydrogen, the products obtained being utilised widely for the manu- 
facture of edible fats, such as butter and lard substitutes. | Halliburton, Noél 
Paton, Drummond and others, 1919.] The ever-increasing consumption of 
preparations of this type might conceivably lead in time to a grave disturbance 
of the health of the people, should it be found that they are seriously deficient 
in the fat-soluble factor. 

Hardened vegetable oils are known to be useless as sources of fat-soluble A 
[McCollum, Simmonds and Pitz, 1916, 1; Halliburton and Drummond, 1917], 
but no information was available regarding the influence of the process upon 
animal fats. As a convenient product for examination whale oil was chosen. 
This oil contains fat-soluble A |Drummond, 1918], is readily procurable in 
large batches of uniform composition, is representative of a type which is 
extensively used for hardening, and does not require to be separated from 
other substances before use, as is necessary when butter is used. 

The specimen of whale oil employed in most of this investigation was a 
mixed batch of uncertain origin. Its quality was of the commercial grade 0-1, 
and it was a clear pale yellow oil containing a small amount of crystalline 
“stearin.” 

For this oil I am indebted to Mr D. H. Simpson, Manager of Ardol, Ltd, 
Selby, Yorkshire, to whom I must also express my appreciation of his kindness 
in preparing several specimens of treated oils. 

The main supply of oil was tested and found to be a satisfactory source of 
fat-soluble A (Table I, experiment 6). 20°% of this oil was apparently as 
efficient as 8 °% of butter fat (Table I, experiments 1-5). 

Mr Simpson kindly arranged for a batch of this oil to be hardened in the 
plant at Selby. This was effected by exposure of the oil to gaseous hydrogen 
at a temperature of 250° for four hours in the presence of a metallic catalyst. 
The pressure in the hardening chamber is usually about atmospheric. 

A sample of the hardened product was forwarded to me and was a clean 
white fat resembling mutton fat both in taste and smell. It has entirely lost 
all trace of the fishy smell possessed by the original oil. The hardening process 
had, however, also destroyed all power to act as a source of fat-soluble A 
(Table I, experiment 7). Young rats fed upon a diet containing 20 % of this 
fat as a sole possible source of fat-soluble A failed to grow and sooner or later 
developed the characteristic infection of the external eye. 

The question then arose as to whether destruction of the active principle 
had been caused by the reduction of an unsaturated body or by the elevated 
temperature employed in the process. 
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Substance tested for fat-soluble A, 
and percentage in diet 


2% butter fat 


/O ” 


/o 
Stock whale oil 20 © 0% 
20 % hydrogenated whale oil . 


20 % whale oil heated 250° for 4 hours ... 
100° # 
75° ” 
10% butter heated 100° for 1 hour 
100° for 2 hours ... 
100° for 4, 
fp ton 4 3, 
- 50° for ee 
10 % butter "fat heated 37° for 21 days 
(rancid fat) 3 
20 % whale oil exposed to air at 37° 
18 days 
20 % fale oil exposed. to air at room 
temperature for 18 days 


99 9 


99 99 
99 39 


39 99 


for 


20 % whale oil heated to 37° in absence ; 


of air for 14 days 
20 % whale oil kept at room temperature 
in contact with O ack - 
Aqueous extract representing "20 o/ 
whale oil sot ze - 


20 % water-extracted whale oil 

Dilute acid extract ie phigatian 20 0% 
whale oil : : 

20 % acid- extracted whale oil . 

Alcohol extract representing 20 of whale 
oil 


20 % alcohol-extracted whale oil 

Unsaponifiable matter representing 15 % 
butter fat : = 

15 % fatty acids from butter fat 

Unsaponifiable matter representing 25°% 
whale oil : s0¢ ee 

20 % whale oil fatty acids : 

Unsaponifiable matter + fatty acids from 

25 % whale oil 

Glycerol water representing 
oil 

Unsaponifiable matter representing 25%, 
whale oil. Special preparation on 

20 % fatty acids from whale oil. Ditto 

Glycerol water representing 20 % whale 
oil ; 

Unsaponifiable matter + fatty acids from 
20 % whale oil . 

Unsaponifiable matter + ‘fatty ‘acids + 
glycerol water from 20 % whale oil 

1 % cholesterol Je es 

1 % lecithin (Merck) : 

0-5 “o, sphingomyelin fraction ... 

0-5 % phrenosin ... 

Crude carrotene fraction : approx. ‘0: 003% 
pigment : on aoe oe 


25 0% whale 


0-003 % crystalline carrotene ... 
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Table I. 
Average weights in g. of three rats every seven days 
— as - ee -——, 
0 a 14 21 28 35 Remarks 
90 SG LOG ee LOO IGE ee TS 
O25 02 ee SLs 121] Obanstatsve toate 
100 111 122 131 140 141 ak, Sahn es 
85 100 119 134 136 | tis i 
85 99 ISS Asi) 1b) 166 
85 108 124 131 141 #4147 ~~ Fat-soluble A pre- 
sent 
90 93 105 90 — — A completely de- 
stroyed 
101 108 112 4118 4109 — _ A destroyed 
98-102 103 115 106 — 5 
92 96 99 97 — a > 
75 77 80 78 — = ” 
95: 100" 106) = 109"), 107, 100 sy 
LO 2 Ios LOs — = . 
76 87 101 111 116 117 + # Some destruction 
81 94 106 119 130 132 Slight Ae 
80 95 118 131 132 135 ~+~# V~ si. destruction 
712 78 76 75 — — Destruction of A 
70 86 92 100 104 112 Some destruction 
72 85 90 96 — = ” 
76 94 116 133 #&«&3140 — No destruction 
91 108 114 109 106 — A probably not 
present 
80 97 104 116 122 132 #£No destruction 
75 83 95 83 — — A not present 
80 97 110 122 129 1380 Very slight loss 
73 85 96 106 109 — _ A probably pre- 
sent 
79 99 110 121 120 126 _~ Very slight loss 
96" 102" 100 92 — — A absent 
88 86 97 920 — _- a 
85 101 109 106 94 — 4, 
72 78 82 76 — —- 5. 
80 80 92 106 92 — as 
91 90 12 68 — = ” 
80 89 86 90 — — ~ 
75 80 89 92 8 3 
81 88 90 82 — — bs 
7 93 105 91 — — A present? 
80 87 93 89 — — A absent 
90 88 85 80. — — A absent 
98 99 100 82. — — 55 
70 68 72 66 — -- “s 
95 93 90 86 -- 93 
108 114 1238 135 — — Slight traces of A 
present 
LW1-.114 11s 104 — — A absent 
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To test this point a sample of the oil was subjected at Selby to the con- 
ditions of hardening without the presence of hydrogen. This sample, after 
exposure to 250° for four hours, was inactive as a source of fat-soluble A 
(Table I, experiment 8). 

As this result indicated that heat was the destructive agent the effect of 
lower temperatures was investigated. In view of the previous findings of the 
American workers it was somewhat surprising to find that exposure of the 
oil to temperatures of 75° or 100° for four hours was sufficient to render it 
valueless as a source of the accessory dietary unit A (Table I, experiments 
9 and 10). Just about this stage of the investigation the paper by Steenbock, 
Boutwell and Kent [1918] reached this country, and in view of the results 
described therein it was decided to carry out some experiments on butter fat. 

Their observations upon the destruction of butter fat at 100° were con- 
firmed by the results of these experiments. Exposure of butter fat to 100° for 
periods of from one to four hours destroys its growth promoting power entirely, 
so far as can be determined by experiments on young rats (Table I, experi- 
ments 11-13). 

The effect of lower temperatures was also investigated and it was ascer- 
tained that the nutritive value of butter fat may be appreciably lowered by 
four hours’ exposure to temperatures ranging from 50°-75° (Table I, experi- 
ments 14-15). f 

Interest was immediately focussed upon the probable nature of the 
destruction, for obviously fat-soluble A is a substance of a much more unstable 
nature than had been previously believed. 

The chemical changes which occur in oils and fats on heating at relatively 
low temperatures are as yet imperfectly understood. They are grossly repre- 
sented by alterations in the acid value and the iodine value, which indicate 
changes of a hydrolytic and oxidative nature. It was therefore possible that 
inactivation of fat-soluble A was a result of oxidation or of increase in the 
proportion of free acid present. 

Both these changes occur when fats undergo the alteration known as 
rancidity. A sample of butter was permitted to become markedly rancid by 
exposure to a temperature of 37° in contact with air for a period of slightly 
over three weeks. The acid value of this sample showed that rancidity was 
well advanced. Tested upon rats, this sample appeared to have lost very 
slightly its value as a source of fat-soluble A (Table I, experiment 16). This 
result at first led to the adoption of the view that oxidation was a factor in 
destruction but the following experiments with whale oil soon dispelled that 
idea. . 

Samples of whale oil were allowed to become oxidised by contact with air 
when spread out in thin layers in porcelain dishes. One sample was kept at 
room temperature whilst the other was maintained at 37° in an incubator. 
Both samples absorbed oxygen as shown by a drop in the iodine values 
(Table IT) and the films of oxidised oil which formed on the surface were 
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frequently broken so as to expose the lower layers. Oxidation under these 
conditions was permitted to go on for eighteen days. 

The feeding tests upon the animal gave surprising results. The sample 
oxidised at 37° was quite inactive as regards fat-soluble A, whilst the sample 
which had been kept at room temperature had lost but little of its activity 
(Table I, experiments 17 and 18). The iodine value of the two samples showed 
that oxidation had been more extensive at 37°, so that it was necessary to test 
whether this was responsible for the result. 

A bottle was.completely filled with oil, closely stoppered and sealed, 
after which it was maintained at 37° for fourteen days. This oil had under- 
gone no changes of an oxidative nature as a result of this treatment as was 
shown by the iodine value (Table Il). It had, however, very appreciably 
decreased in efficiency as regards fat-soluble A (Table I, experiment 19). A 
further sample of oil, given opportunity for oxidation at room temperature 
by prolonged shaking in the presence of gaseous oxygen, when tested was 
found to have lost little if any of the accompanying accessory substance 
(Table I, experiment 20). Apparently these experiments prove that oxidation 
plays no primarily important part in the destruction of fat-soluble A in 
animal oils. 

This result confirms those obtained in the experiments described by 
Steenbock, Boutwell and Kent [1918] who found that butter fat was as 
rapidly inactivated by shaking for twelve hours at 40-60° with carbonated 
water as when atmospheric oxygen was present. 


Table IT. 

Value as 
source of Acid Iodine 
Sample of oil fat-soluble A value value 
Original whale oil . oad ca a Se ace te 4-9 118-5 
Whale oil heated 100° for y Hours ooh ee ate ae ~ 9-5 116-2 
4 s 75° s oa bg ye oa - 9-2 116-0, 
Whale oil exposed in thin layer to air at 37° for 18 days vas - 6-5 O07 
Whale oil maintained at 37° in absence of oxygen for 2 weeks + 4-95 118-7 

Whale oil exposed in thin ache to air at gpcinaty a aN 

for 18 days ... ¢ : ++ 3°55 112-0 
Whale oil shaken in bawtnct with gaseous oxygen for 2 2 ees ah ae ar 4-82 114-0 


It remains, however, to reconcile these findings with that described in an 
earlier part of this paper, where butter was found to have lost but little of 
its fat-soluble A after exposure to 37° in contact with air for over three weeks. 

So far the only explanation of the different behaviour of the two oils is 
that butter fat is a much richer source of fat-soluble A. It is, therefore, 
possible for destruction to have occurred, and yet sufficient to have been left 
untouched to supply the requirements of the rats when their diet contained 
10 % of the preparation. Asa matter of fact the animals on which the rancid 
butter fat was tested did not show quite as satisfactory a rate of growth as 
those which received the untreated fat. 
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As all the experiments up to this point had been carried out on what may 
be termed a secondary source of fat-soluble A—that is an animal fat containing 
the accessory substance derived from plant sources—it appeared desirable 
for tests to be made of the thermostability of the factor in its primary environ- 
ment. 

Accordingly, a series of experiments was begun upon the factor as present 
in green leaves and seed embryos. 

Neither of these investigations has yielded definite results and they are as 
yet incomplete. The experiments with cabbage gave evidence that drying 
may reduce the efficiency of leaves as a source of fat-soluble A, but no definite 
opinion can yet be given. The experiments with wheat embryo were a com- 
plete failure. Whenever this foodstuff was present to any considerable pro- 
portion in their diets the animals soon showed disturbances of health which 
quite upset the purpose of the experiments. 

This point has not been investigated further as it leads too far away from 
the main enquiry. It is, however, interesting to note that McCollum, Sim- 
monds and Pitz |1916, 2] have described the presence in wheat embryo of a 
substance distinctly toxic for rats. 

A recent paper by Osborne and Mendel [1919] contains information that 
spinach and alfalfa are rich sources of fat-soluble A, even after the leaves have 
been dried at 50-60° in the air, but they give no comparative tests with the 
fresh vegetables. 

Delf [1918], and Delf and Skelton [1918], report observations which lead 
them to believe that high temperature or the drying of cabbage leaves may 
effect a destruction of the fat-soluble accessory. 


ATTEMPTS TO FRACTIONATE FATS CONTAINING FAT-SOLUBLE A. 


Extraction of oils with water. 


It was stated by McCollum, Simmonds and Steenbock [1917] that shaking 
melted butter fat with repeated changes of water removed the fat-soluble 
accessory substance from the fat. Many attempts to repeat this apparently 
simple method of separation were made in this laboratory. Butter fat, whale 
oil and cod liver oil were all treated as described but in no case was an active 
aqueous extract obtained. In the case of butter fat confirmation of their 
observation that the fat becomes inactivated by this treatment was obtained, 
but whale oil and cod liver oil appeared to lose little of their activity during 
the process (Table I, experiments 21 and 22). 

One of the authors responsible for the original statement has now amplified 
it somewhat [Steenbock, Boutwell and Kent, 1918]. These investigators 
report that neither the washed butter fat nor the aqueous extract contains 
fat-soluble A. The factor had been destroyed during the process and their 
further experiments indicate that this is due to the temperature used during 
the extraction. 
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Extraction of whale oil with dilute acid. 


At one time there was a suggestion that butter fat contained substances 
containing nitrogen and phosphorus which might be removed by extraction 
with dilute acids. Funk and Macallum [1914] were under the impression 
that a substance of the accessory factor type might be removed by this 
process. ; 

Whale oil was extracted with three changes of 5 °% hydrochloric acid for 
several hours at room temperature by repeated shaking. The acid extract 
after neutralisation with dilute sodium hydroxide solution was evaporated i 
vacuo at 30° to half its original volume. This fraction was totally inactive as 
regards the fat-soluble factor whilst the extracted oil, after being freed from 
traces of acid by extraction with water, was practically as active as before 
treatment (Table I, experiments 23 and 24). 


Extraction with alcohol. 


As there are definite grounds for believing that fat-soluble A is soluble 
under certain conditions in alcohol [Osborne and Mendel, 1915], a sample of 
whale oil was repeatedly shaken with several changes of cold absolute alcohol 
at room temperature. 

The alcoholic extracts after removal of the alcohol im vacuo at 32° were 
found to possess a slight activity, but a larger proportion of the fat-soluble 
factor remained behind in the extracted oil (Table I, experiments 25 and 26). 

A few attempts to modify the experiments carried out by Osborne and 
Mendel [1915] and thereby obtain an alcoholic extract of butter fat con- 
taining a high concentration of fat-soluble A failed. Destruction of the active 
principle apparently occurred owing to the exposure to the temperature of 
boiling alcohol, whilst the extracts when prepared appeared to lose their 
activity somewhat readily on storage. This confirms the later observations 
of Osborne and Mendel [1916]. 


ATTEMPTS TO SEPARATE FAT-SOLUBLE A FROM THE PRODUCTS OF THE 
HypRoOL.ysIs oF Fats. 


Prior to the appreciation of the thermolability of fat-soluble A much 
work along these lines was carried out. Butter fat, cod liver oil, whale oil and 
liver tissue, all of which are rich in fat-soluble A, were hydrolysed by hot 
alkalies and various fractions were prepared from the saponified products. 
No trace of any activity was found in any of these products. 

As soon as the temperature destruction was known it was obvious that 
any further attempts along these lines must employ less drastic methods of 
hydrolysis. 

McCollum and Davis [1914, 2] have already advanced evidence that the 
accessory factor accompanying butter fat can resist the conditions necessary 
for the hydrolysis of fats in a non-aqueous medium at ordinary temperature. 
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The first experiments along these lines were made with butter fat. 

This fat was saponified by the method of Henriques [1895], a process that 
completely hydrolyses the ordinary type of fats in 24 hours at room tempera- 
ture. After removal of the solvents in vacuo at 35°, the soaps were dissolved : 
in distilled water at 35° and the unsaponifiable matter removed by extraction 
with ether. The fatty acids were then liberated by a very slight excess of 
mineral acid and removed by ether extraction. Both fractions were well 
washed with water and freed from ether by evaporation under reduced 
pressure at 37°. Animal feeding tests showed no activity on the part of either 
fraction (Table I, experiments 27 and 28). A similar experiment was made 
with the products isolated from cold saponified whale oil and similar results 
were obtained (Table I, experiments 29 and 30). 

The possibility of fat-soluble A being a mixture of two or more substances 
suggested itself and tests were made with the united unsaponifiable and fatty 
acid fractions. No activity was observed (Table I, experiment 31). The 
glycerol fraction after the removal of ether and neutralisation was also inactive 
(Table I, experiment 32). 

Although the possibility of oxidation during the processes being the cause 
of the destruction was not considered probable, in the light of the results 
detailed in the earlier work on whale oil, nevertheless a more careful experi- 
ment was carried out. 

A sample of whale oil was hydrolysed by Henriques’ method, and through- 
out all subsequent operations involved in the separation of the various frac- 
tions, great care was taken to exclude air. Distillations and operations of that 
kind were conducted in an atmosphere of carbon dioxide, while the fractions 
when prepared were stored in highly evacuated and darkened desiccators. 

Particular care was taken in the selection of the animals employed in the 
testing of these particular fractions. No evidence of the presence of fat- 
soluble A in the unsaponifiable matter fraction was obtained (Table I, 
experiment 33). ; 

Two of these animals whose diet contained 20 °% of the fatty acids derived 
from whale oil showed practically no growth during a period of observation 
of five weeks and at the end of that time exhibited the external eye trouble. 
They speedily recovered health and resumed growing when given the original 
whale oil ration (Table I, experiment 34). 

The third animal grew during the whole five weeks although the rate was 
sub-normal throughout. It did not at any time exhibit sore eyes. This 
animal is not included in the average. 

As a doubtful result was thus obtained in a very important experiment a 
further test was made in which two young rats whose growth had been stunted 
and in which eye disease had been produced by a deficiency of fat-soluble A 
were given the ration containing 20 % of the whale oil fatty acids. No re- 
sumption of growth has yet been observed during fourteen days and the eye 
condition is becoming progressively worse. 
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It is, therefore, concluded that there is no evidence which identifies fat- 
soluble A with any of the fatty acids occurring in whale oil, and the rat which 
was observed to grow on that fraction must have been one of those individuals 
which are frequently encountered and which exhibit a power to grow for long 
periods of time although receiving a diet seriously deficient in fat-soluble A. 

When a diet containing both the unsaponifiable matter fraction and the 
fatty acid fraction was tested a slight initial growth was observed in some 
cases. This was not maintained, however, during the following weeks of 
observation (Table I, experiment 36). Likewise, no positive results were 
obtained when the glycerol fraction was tested (experiment 35) or when all 
three fractions were combined (experiment 37). 

It must be remarked that in all these feeding tests the food consumption 
was determined, even if only approximately. In every case except where the 
dietaries contained the glycerol fractions derived from the hydrolysed oils 
the food consumption was satisfactory. This excludes any complications 
arising from a failure of the animals to partake of sufficient food to ensure an 
adequate intake of the substance being tested. 


DISCUSSION. 


Speculation as to the nature of “fat-soluble A” as it occurs in oils and fats 
is perhaps unwise until this investigation has advanced a few stages further. 

It appears doubtful whether the substance known as fat-soluble A, in the 
form in which it occurs in animal oils, is a clearly defined chemical substance 
of comparatively simple constitution. Long before the discovery of the 
thermolability of the factor made such tests valueless, many attempts were 
made in this laboratory to identify fat-soluble A with certain known con- 
stituents of fats. 

Unsuccessful attempts were made to replace the fat-soluble accessory 
factor in the diet by a number of the commoner fatty acids, glycerol, choles- 
terol, lecithin, sphingosin, phrenosin, kephalin and the lipochrome carrotene 
(Table I, experiments 38-43). 

The discovery of the destruction at comparatively low temperatures at 
once narrowed the field of possible identity very greatly. 

Further, when it no longer appeared probable that oxidation was respon- 
sible for the destruction, it was possible to rule out many substances such as 
the unsaturated acids and the lecithins. 

It is of interest to refer here to the question of the therapeutic value of cod 
liver oil. For many years this foodstuff has been widely employed in the 
treatment of diseases of malnutrition, and there have been numerous specu- 
lations as to why this particular oil should be of value in such cases. 

Small traces of iodine and other substances are frequently found in cod 
liver oil, and by some these impurities were considered to be responsible for 
the high nutritive value of the oil. It has been shown, however, that this view 
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is incorrect, and that oils which are free from impurities containing phos- 
phorus, iodine and sulphur may give as good results in the treatment of wasting 
diseases as those which are less pure [Wilhiams, 1912, 1}. 

Osborne and Mendel [1914], after having discovered the beneficial influence 
of cod liver oil on growth, remarked that it is perhaps more than a coincidence 
that the oil has so long enjoyed a reputation for nutritive virtues which can 
scarcely be attributed to its fat content per se. The existence of an accessory 
substance in certain fats was at that time only just being suspected and it is 
interesting in the light of present knowledge to quote the final paragraph of 
their paper. ‘* Perhaps experiences such as have been reported in this paper 
will pave the way for a clearer understanding of the physiological potency of 
natural products like butter, egg-yolk and cod liver oil, which have long 
enjoyed a popular, yet inexplicable, reputation for unique nutritive potency.” 

Williams [1912, 1, 2] has suggested that in the case of cod liver oil it is 
owing to the presence of peculiar unsaturated fatty acids. The work de- 
scribed in this paper does not tend to identify the fat-soluble A factor with any 
of the fatty acids present in the oils in which it is found, and the theory of 
Willams would appear to lack support. 

From the results obtained during this study one is led to conclude that the 
chief agent in the inactivation of fat-soluble A is temperature. It must, how- 
ever, be borne in mind that all these speculations refer solely to the factor as 
present in secondary sources, such as the animal oils. It is quite possible that 
the factor occurs in a different form in its primary environment in the plant 
tissues; in fact McCollum, Simmonds and Pitz [1916, 1, 2] have already inti- 
mated that the factor may be present in the embryos of seeds in combination 
with some cell constituents such as protein. 

After much careful consideration of the experiments which have been 
described it is felt that there is justification for advancing the suggestion that 
the accessory growth promoting factor, provisionally termed “fat-soluble 4,” 
is not a clearly defined chemical substance but rather that it is a labile sub- 
stance perhaps possessing characteristics resembling those of an enzyme. 

Although this hypothesis is advanced with some hesitation it is the only 
one which has been found to fit in with the majority of the experimental 
results. 

Attempts have been made in collaboration with Dr O. Rosenheim to 
determine whether the factor can pass through rubber membranes, but un- 
fortunately the experiments have so far failed. At present it is believed that 
toxic substances are dissolved from the rubber dialysis membranes and pass 
into the solutions of the oil rendering it impossible to carry out successful 
feeding experiments with the final products. When a more satisfactory 
technique has been evolved for the purpose of this experiment it is hoped to 
gain information as to the class of substance to which fat-soluble A belongs. 

Much further work will be necessary before a definite conclusion upon the 
important question of the identity of fat-soluble A can be arrived at, but in 
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the meantime it may be useful to test the possibility of it being an ill-defined 
and labile substance such as an enzyme. 

It is surely legitimate to conceive the animal organism being as dependent 
upon the plant kingdom for a supply of an essential complex of that nature 
as it is for the supply of many indispensable substances of more clearly de- 
fined constitution. 

I am indebted to Professor W. D. Halliburton for his interest and advice 
during the course of these experiments and to Dr O. Rosenheim for many 
valuable suggestions and for purified specimens of certain lipoids and car- 
rotene. 


SUMMARY. 


1. The fat-soluble accessory food factor A present in certain oils, as for 
example butter fat and whale oil, is readily destroyed by short exposure (one 
hour) to a temperature of 100°. 

2. Destruction occurs, but is less rapid, when the exposure is to tempera- 
tures ranging from 50° to 100°. 

3. Exposure of the oil to a temperature of 37° for several weeks may cause 
destruction of the accessory factor. 

4. Destruction is apparently not a result of oxidation or hydrolysis. 

5. Fat-soluble A is not extracted from oils by water or dilute acid. 

6. Fat-soluble A is soluble in alcohol, and may be removed in small 
quantity from oils by cold extraction with that solvent. 

7. Hydrolysis of oils in a non-aqueous medium at room temperature 
causes disappearance of fat-soluble A, as the factor is not found present in 
any of the fractions derived from the original oil. 

8. So far, there is no evidence which suggests that fat-soluble A is not a 
single substance. 

9. Fat-soluble A has not been identified with any of the recognised com- 
ponents of fats, such as glycerol, saturated or unsaturated fatty acids, 
cholesterol, lecithin, phosphatides or the lipochromes. 

10. In view of the low temperatures at which destruction may occur it is 
suggested that fat-soluble A may be a labile substance of ill-defined con- 
stitution. 
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AI. RESEARCHES ON THE+FAT-SOLUBLE AC- 
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(Received 24th February, 1919.) 
Is FAT-SOLUBLE A NECESSARY FOR THE ADULT? 


For some years past it has been accepted that the fat-soluble accessory 
factor plays an important part in the nutrition and growth of young animals, 
but information regarding the requirements after maturity has been reached 

| is scanty. A powerful stimulus to research along these lines was provided by 
the necessity for a drastic reduction of the fat-ration imposed during the war 
by the shortage of edible fats, and it at once became a matter of some urgency 
to determine whether fat-soluble A is only required during the period of 
growth or whether it is equally necessary for the maintenance of health in 
the adult. 

In one particular case it has been experimentally proved that the adult 
animal requires a regular supply of accessory factors, and that is the case of 
the pregnant or lactating female [McCollum, Simmonds and Pitz, 1916, 1; 
Drummond, 1918, 1]. But the demand for the factors in this case might be 
accounted for by the requirements of the growing young, and might have no 
reference to the direct nutrition of the mother’s body. 

During the course of a large number of experiments carried out in this 
laboratory during the last few years it has been observed that as young rats 
approach maturity their requirements for fat-soluble A become markedly less. 
A rat which is nearly full grown can successfully complete its development 
upon an allowance of fat-soluble A which would be insufficient to permit any 
growth whatever in a much younger animal. 

It was therefore possible that fat-soluble A is essentially a “growth” 
factor and might be dispensed with by the adult. Such was not, however, 
found to be the case. 
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A number of young full grown rats both male and female were fed upon a 
dietary deficient in fat-soluble 4 composed as follows: 


Purified caseinogen 20 parts 


=f starch dO 
Salt mixture 5 
Yeast extract Bas 
Hardened linseed oil 20 


By experiments on young rats it has been ascertained that this ration 
contains no detectable traces of fat-soluble A. 

Many of the adult animals nourished upon this dietary were able to live 
in apparently good health for considerable periods of time, but sooner or later 
they all showed a decline in body weight accompanied by an obvious de- 
creased resistance to disease. 

Of fourteen control male rats which received an adequate dietary con- 


Table I. Weights of eight adult male Rats maintained on Diet deficient in Fat-soluble A. 
No. Weight in g. every seven days 
2 a = ENG vis = 2 See = 
rat 0 7 14 21 28 35 42 49 56 63 70 77 84 9] 98 105 
1 255 260 260 260 260 280 280 275 275 270 255 240 270 260 280 280 
2 220) 210 220° 216 223 235) 7232) 225) 32287224 - 9993 919 205. 201, ezIaeeeae 
> 2908 292 - 300 § 310) 310 310) 315) 3207 9330) 310) 310 300 280) (280) S:270m2so 
= 297-305 §=6300 «=-309 S315 300) ~~ 300) 310) 315) 320) 310 «S300 «= 290 28h es00ma 00 
39 299 300 295 300 300 310 295 305% 295 285 250 255. 240° °§240 9240) = 218 
6 306 310 310 320 310 305 300 297 300 296 290 299 296 282 290 292 
7-350 350 350 350 347, 356 350 346° .346 .340 339. 345 335. 330 /320Ruee 
8 268 270 282 296 290 295 290 286 288 290 290 290 296 300 294 290 
No. 
of Weight in g. every seven days 
rat — A a a es, : 
WZeeT9 126 1383" 140) 147 7 be Gl AGS 75 External Cause of death 
eye disease 
1 280 270 250 255 260 266 250 245 235 230 Slight140thday Died 182nd day, 
Severe 150th day bronchopneu- 
monia 
2 227 225 233 225 220 197 165 140  — — Severel43rdday Died 162nd day, 
cause not clear 
3 305 313 320 320 315 310 295 295 300 285 Slight 160th day — 
4 300 305 300 290 295 290 285 280 275 250 Slight 150th day = 
Severe 160th day 
5 — -= — — — = = — — — -— Died 107th day, 
lung disease 
6 276 260 — — — = — — — — Slight 90th day Died 119th day, 
Severe 102nd day bronchopneu- 
monia 
7 325 316 305 300 297 290 287 262 — — Slight122ndday Died 163rd day, 
Severe 129th day cause not ascer- 
tained 
8 290 280 286 280 270 260 262 260 250 242 Slight 150thday Dying with lung 


Severe 155th day 


disease at end of 
experiment 


— 
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taining butter fat instead of hardened linseed oil twelve were alive and in 
excellent health at the end of the thirty weeks period of observation. One died 
from bronchopneumonia while another succumbed to sepsis consequent on 
injuries received in fighting. 

Hight adult male rats were fed upon the deficient ration and their subse- 
quent behaviour is recorded in Table I. Only three survived the experimental 
period, and they were all in a very poor nutritive condition. Many deaths 
were due to lung diseases, whilst practically every animal showed the charac- 
teristic external eye disease at some time during the experiment. 

A number of young adult females were also kept under observation and 
fed upon the fat-soluble deficient dietary. Breeding with the males upon the 
same diet was permitted. The females themselves behaved very much as did 
the males described in Table I. After a period during which they maintained 
more or less good health they began to lose weight and to present an im- 
poverished condition. Many deaths from infective diseases occurred and 
cases of external eye disease were frequent. 

A number of litters were born, particularly during the first few weeks of 
the experiment, when the bad effects of the diet had scarcely begun to be 
felt. These early litters were usually of normal weight when delivered, but 
failed to grow at a normal rate owing to the deficient nutritive value of the 
mothers’ milk [compare McCollum, Simmonds and Pitz, 1916, 1; Drummond, 
1918, 1]. 

The majority were reared until able to look after themselves, but they all 
appeared puny and very quickly contracted infections, particularly the eye 
disease, and the mortality amongst them was very high. 

A few litters were born after the females had been on the deficient ration 
for many weeks, but most of the young which comprised these litters were 
devoured by the mothers shortly after delivery, and any which escaped that 
fate seldom survived for more than a day or two. They were in nearly every 
case undersized when born. 

It may therefore be taken as proved that the adult animal organism re- 
quires a regular supply of fat-soluble 4. This daily requirement is of a much 
smaller order than that of the young growing animal, but nevertheless an 
important factor in the maintenance of health. It appears probable that the 
resistance to diseases of bacterial origin is seriously impaired by a failure of 
the animal to obtain a sufficient supply of the fat-soluble factor. There is 
therefore every reason that great care should be taken to ensure that dietaries 
of adults contain an adequate supply of foodstuffs in which fat-soluble A 
is present. 


Is FaT-SOLUBLE A CONCERNED WITH THE METABOLISM OF Fats? 


Up to the present we are in complete ignorance of the function of fat- 
soluble A in the body. The modern theories regard fat-soluble A as synthesised 
by the plant, in the tissues of which it may be present in a loosely combined 
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form whieh is insoluble in fat solvents. It is conceived that in the alimentary 
tract of animals this complex is broken down and the factor A, now in a form 
soluble in fats and fat solvents, forthwith peepee them during absorp- 
tron |McCollum, Simmonds and Pitz, 1916 

Its fate after absorption into the animal body is as yet unknown. Its 


presence in certain depét fats, such as beef fat, suggests that it may be in part 
stored in company with the reserve fat. 

In view of the possible connection between fat-soluble A and some phase 
of the metabolism of fats a few experiments have been made which will be 
described in this paper. 

It was first decided to test whether the animal organism is able to survive 
as well on a diet free from both fat and the fat-soluble factor as when the 
latter factor alone is absent. 

Osborne and Mendel [1912] have reported the ability of young rats to 
show considerable development upon diets containing, at the most, very 
small traces of fat. It is probable however that the fat-soluble factor was 
present as an impurity in certain of the food components. 

Three batches of six nearly full grown male rats of approximately the same 
age and weight were selected from the stock. Each lot was then given one of 
the three following dietaries. : 


A B C 
Purified caseinogen 20 parts 20 parts 20 parts 
5 starch TOR 50s 50" 7 
Salt mixture Dee Di ares ass 
Yeast extract Sar 3 aes Seas 
Hardened vegetable oil -— ZO; — 
Butter fat — — 20 


> 


All three batches were kept under the closest observation for a period of 
three months. 

Lot C nourished upon the butter fat ration showed throughout the whole 
period a normal standard of nutrition. At the conclusion of the experiment 
they were killed and subjected to post mortem examination. With the 
exception of one rat which showed a small worm encysted in the liver, no 
abnormalities were noticed in any case. 

Lot B received a diet which contained an adequate supply of fat, but no 
detectable traces of fat-soluble A. These animals maintained their weight 
well and showed no apparent symptoms of ill-health until towards the end of 
the second month when they one by one began to develop the characteristic 
condition of sore eyes. 

Two deaths occurred in the early part of the third month from broncho- 
pneumonia and at the conclusion of the experiment the surviving animals 
were losing weight and all suffering from the external eye disease. 

These survivors were killed and carefully examined. In every case there 
was a large amount of body fat present and there was no indication of in- 
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anition. The organs all presented a healthy appearance as far as she eye 
could detect. The histological examination has not been completed. 

The body temperature of the rats in this group remained normal, except 
in the two cases which contracted an acute infection of the lung. This obser- 
vation has been confirmed by the records obtained from a large number of 
rats fed upon diets deficient in fat-soluble A. There is therefore no indication 
that lack of fat-soluble A brings about a disturbance of the heat regulating 
mechanism, as does a deficiency of water-soluble B |[Drummond, 1918, 2; 
Dutcher, 1918]. 

The batch of animals fed upon ration A showed very similar behaviour to 
those nourished upon ration B. Their food consumption was throughout 
higher owing to the fact that the calorific value of their diet was lower than 
that of diet B. They all maintained a good appearance until towards the end 
of the second month when sore eyes began to appear. Body weights then 
showed declines and there was one death from lung trouble. The remaining 
five at the end of the third month had all lost weight and exhibited more or 
-less severe external eye trouble. 

Post mortem examination of these animals failed to reveal any gross 
lesion, except in the lungs which were congested in some cases. The amount 
of body fat was apparently normal. The histological examination of the 
organs has not yet been completed. 

These experiments indicate that the appearance of the symptoms associ- 
ated with a deficiency of fat-soluble A is not postponed by withholding fat 
from the diet. 

It has recently been shown that rats may live in perfect health for several 
months upon a diet containing relatively large amounts of free fatty acids 
[Halliburton, Paton, Drummond and others, 1919]. The classical researches 
of Munk [1880, 1884] showed that free fatty acids are absorbed from the 
intestinal tract and combined with glycerol derived from the body to form 
neutral fat. 

The possibility of fat-soluble A playing a réle in the resynthesis of fats 
suggested itself and an attempt to obtain information on this point was made. 
Two batches of rats were fed upon the following rations: 


Diet B Diet D 
Purified caseinogen —... aes LE 20 parts 20 parts 
starch ... ae ee ane 50) ce 50 
Salt mixture Owes : 
Yeast extract aA seis ie Sn 5 
Hardened vegetable oil y. DORs. a 
Fatty acids derived from hardened oil — 15 


The period of observation was as in the last experiment three months. 
The batch receiving fat but no fat-soluble A showed a behaviour closely 
similar to that described in the previous case. At about the end of two 
months symptoms of ill-health and external eye disease appeared and the 
animals gradually declined. 
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The batch which received the fatty acid ration (diet D) ate their diet with 
avidity throughout the experiment. After the lapse of some seven weeks ill- 
health began to appear accompanied as in the other cases by the characteristic 
condition of sore eyes. 

Analyses of the faeces made on several occasions during the three months 
indicated that the absorption of the fatty acids was excellent, the highest 
value being 92 % and the lowest 86%. At the expiration of the three months 
the surviving animals were killed— two had died during this period, one from 
bronchopneumonia and the other as a result of an accident. 

Post mortem examination showed no obvious abnormality. Body fat was 
plentiful and all organs appeared normal as far as the naked eve could detect. 

These animals had, therefore, been capable of absorbing large amounts of 
free fatty acids and of effecting the synthesis of these into neutral fats over a 
considerable period of time in the absence of any detectable traces of fat-soluble 
A in the diet. It is therefore justifiable to assume that this factor plays no 
important part in the synthesis of fatty acids into fats following absorption, 
for the power to absorb fatty acids and effect fat synthesis is apparently 
retained after the animal has passed the period during which it was able to 
maintain health in spite of the deficiency, and during which it is surmised 
that it may have been utilising reserve supplies of the essential factor. 

The appearance of the characteristic symptoms associated with a deficiency 
of fat-soluble A in approximately the same time whether the ration is deficient 
in fat, contains an ample supply of fat or merely a supply of fatty acids, is an 
interesting observation. It has been confirmed in two out of the three cases 
in an experiment with young rats. 

Two batches of twelve young rats were fed upon diets A and B: that is one 
lot received fat and the other none, whilst neither obtained fat-soluble 4. 
The two groups were as far as possible comparable, and the following data 
were obtained as a result of close observation. 

12 young rats fed 
on diet A con- 12 young rats fed 
taining neither —_ on diet B con- 


fat nor fat- taining fat but 
soluble A no fat-soluble A 


Average weight at commencement of experiment 80-2 82:8 
Average weight at 10 days 06 30¢ 500 89-0 92-1 
Average weight at 20 days see ark ane 93-4 97-1 
Average weight at 30 days ae aot 500 86-4 88-2 
Average weight at 40 days Soe AG noe 80-1 80-6 
First appearance of case of sore eyes... 2 28th day 26th day 
Number of cases of sore eyes at 40th day Sac 6 9 


These observations appear to have an indirect bearing upon the question 
of the dispensability of fat in the diet of the animal organism. If an animal is 
deprived of fat upon an artificial ration of the type employed in this work it 
eventually succumbs to certain disturbances of nutrition which it is believed 
result from a deficiency of fat-soluble A. If it receives a pure fat it succumbs 
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in an exactly similar manner and after an interval of the same order. It 
therefore appears that no decision upon the question of the dispensability 
of fat can be arrived at until the fat-soluble factor has been obtained in a form 


free from fat. Then and then only can the nutritive effect of feeding diets 


deficient solely in fat be studied. But the onset of the symptoms alluded to 
above after the same interval, no matter whether the diet contains fat or not, 
does suggest that fat itself is a dispensable component of food. 

The experiments recorded by Osborne and Mendel [1912] are of interest 
at this juncture. The diets they employed were practically fat-free, but as 
the components had not been extracted with fat solvents it is very probable 
that traces of the fat-soluble factor were present. Considerable growth over 
long periods was shown by young rats fed upon such rations. 


INFLUENCE OF A DEFICIENCY OF FAatT-SOLUBLE A ON Fat METABOLISM. 


Two pairs of healthy rats weighing about 150g. each were selected from 
stock and one pair was placed upon rations B and C respectively. 

The pair which received ration C throve for the whole three months during 
which they were under observation and were in excellent health at the close 
of the experiment. During this time their absorption of fat was studied for 
five periods of seven days. As will be seen from Table II, the absorption of 
fat was excellent in all three periods, averaging 97:3 %,. 


Table II. 
Total] Total ex- 
Total con- Total weight /) total cretion of 
; sumption intake ofdry  fatin fat in 
Period of Condition of the of dry %% fatin of fat faeces dry faecesin /o utili- 
experiment ! animals fooding. food in g. in g. faeces g& sation 
Ist week Excellent 122 16:7 20:4 8:14 618 0:50 97-5 
Sia i 134 16:3 21-8 10-06 6:10 0-62 97-2 
6th ,, oes 141 16:3 23-0 6:02 13°30 0:80 96-5 30 
9th’ 5; aS 136 15:9 21-6 9-20 5-99 0-55 97-5 
12th es 142 16:1 22:8 9-42 5:72 0-54 97-6 
; Average 97:3 
TSG thse Excellent 126 15-2 19-2 9:09 14:2 1-29 93-4 
Orcas Good 135 15:8 21:3 8:02 15:5 1-24 o4| 
6th ,, 33 132 16-4 21-6 911 14:5 1-32 89-2 


9th ,, Ruffled appearance, one 136 16-0 21:8 10:10 25-7 2-69 87-6 
rat shows slight sore 
eyes 
2th; Both losing weight and =:126 15-7 19:8. 7:12 30-4 2:16 89-1 
eyes very bad / 
Average 90-7 


The two animals receiving diet B, which contained a fat known to be 
deficient in fat-soluble A, were studied in a similar manner. They showed 
good health for about six weeks but during the latter half of the period of 
observation they were failing and both contracted sore eyes during the third 
month. 


M.P. 
fat in 


385° 


of 


pane) 


102 J. GC. DRUMMOND 


Fat absorption was, however, good in all five periods, even in the final one 
when the physical condition of the animals showed that they suffered from a 
serious deficiency of fat-soluble A. 

The coefficient of absorption shows a slight decrease in the later periods, 
but it is thought that this may represent a slightly lower efficiency of the 
digestive system consequent on the failing health. The reduction of the per- 
centage absorbed is too small to be interpreted as evidence that fat-soluble A 
is directly concerned in fat absorption. 

Kstimations of fat in the faeces were carried out by the wet extraction 
method described by Saxon [1914]. 


SUMMARY. 


1. Fat-soluble A is necessary for maintenance of health in the adult rat. 

2. Further confirmation of the importance of supplying the female with 
an ample supply of fat-soluble A during pregnancy and lactation is given. 

3. A deficiency of fat-soluble A in the diet of adult rats apparently brings 
about a serious lowering of the resistance against diseases of bacterial origin. 

4. No obvious characteristic pathological lesion has been detected in 
adult rats which have been deprived of fat-soluble A for long periods. Such 
animals usually show normal reserves of body fat. 

5. The symptoms associated with a deficiency of fat-soluble A appear in 
comparable groups of rats after the same period of time whether the diet 
contains neutral fat or not. 

6. Rats are able to absorb large amounts of fatty acids, and presumably 
synthesise these into fats, in the absence of fat-soluble A in the diet. 

7. A deficiency of fat-soluble A in the diet does not exert any direct 
influence on the absorption of fat. 

8. Indirect evidence deduced from these experiments with rats suggests 
that pure neutral fats may be dispensable components of the diet. 
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XII. NOTE ON XEROPHTHALMIA IN RATS. 
By ELSIE CHARLOTTE BULLEY. 
(Received March 3rd, 1919.) 


AmoncG the diseases which have been attributed to a deficiency in the fat- 
soluble A accessory substance is a condition of the eyes now described as 
xerophthalmia. McCollum, Simmonds and Pitz [1918] indeed speak of this 
relation in very definite terms. ‘“‘ Xerophthalmia and polyneuritis are abun- 
dantly demonstrated to have their origin in the lack of a sufficient amount of 
the fat-soluble A and water-soluble B respectively in the diet.” That eye 
symptoms in rats may occur as the result of deficiencies in the diet seems to 
be common experience. It is very important, however, to distinguish between 
symptoms due directly to a specific dietetic error and any that may be due 
to infection, encouraged, may be, by diminished resistance due to the diet. 

My own experience seems to point to the fact that so far as xerophthalmia 
is concerned the latter relation is the true one. In considering this question 
I have taken absence of normal growth as evidence of a deficient ration. 

It is desirable at the outset to view the origin and growth of the idea that 
xerophthalmia is due to the absence of some essential nutritive factor and 
later of the view that fat-soluble A is the pivot on which the matter turns. 

Osborne and Mendel [1914, 1] in writing of their protein-free milk state 
that the addition of butter fat to this substance avoids failure in growth and 
“an infectious eye disease.” They repeat this statement [1914, 2, 1915] when, 
dealing with the question of separating the essential fat factor, mention is 
again made of the fact that animals fed with an inefficient fat fraction 
developed purulent eyes. McCollum and Simmonds [1917] cite eye disease as 
a possible deficiency disease due to absence of the fat factor, and the writers 
quote cases of children developing it on fat-deficient diets. As previously 
mentioned [1918] they definitely state that xerophthalmia is brought about 
by absence of the fat factor. Osborne and Mendel [1918] make a further allu- 
sion to the condition stating that on a fat deficient diet the symptoms occurred, 
and were cured by the addition of liver oil to the food. In a recent paper by 
Harden and Zilva [1918] eve symptoms are again taken as indicative of the 
absence of fat-soluble A. 

In January, 1913, a series of experiments was carried out in this laboratory 
solely with a view to clearing up this matter of eye disease, which had made 
its appearance amongst animals then being fed by Professor Hopkins on 
synthetic diets in which the mineral supply was Osborne and Mendel’s artificial 
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salt mixture. The results of these experiments have never been published, 
and it is with Professor Hopkins’ permission that I allude to them here. 
He found that animals fed on extracted starch, extracted caseinogen, 
sugar, salts, and lard developed an ulcerative condition of the cornea with 
conjunctivitis within 14 days from the commencement of the experiment, 
identical with that present in animals fed, in previous experiments, on a 
similar artificial diet, though these earlier rats had been fed with a different 
end in view. In the more extreme cases there was complete dissolution of the 
eyeball with rupture of the cornea. Many of the animals died, but one or two 
survived and on being given 3 ec. milk as an addendum to the diet, the eye 
symptoms cleared up. This led to the assumption that the disease was due 
to some deficiency in the diet which the 3 ce. of milk supplied. In 1915 
Dr Ginsaburo Totani, at the suggestion of Professor Hopkins, undertook 
some experiments based upon these previous findings with the intention of 
making a thorough histological study of the eye lesions. The experiments were 
not done in the same building as were the earlier ones, but other conditions 
were precisely similar. The weight of the animals fell as usual, but no eye 
disease at all was obtained with purified artificial diets identical with those 
previously used, and after many weeks the experiment was given up. 

Save in the case of the experiments done by Hopkins I have no detailed 
information as to the similarity of the symptoms observed by the different 
workers, nor as to the rapidity with which the xerophthalmia develops. In 
Hopkins’ 1915 experiments, as already stated, it appeared as early as the 
fourteenth day. It is perhaps legitimate to assume that in the other cases 
cessation of growth, or initial absence of growth, marked the point at which the 
condition of the eyes became pathological, and that on resumption of growth 
the eye disease abated and ultimately cleared up. This, at any rate, seems to 
be the correct conclusion to draw from the evidence available. My own ex- 
perience in the matter which has led me to the view already expressed is the 
following: 

Since January, 1918, to the present date I have had approximately 500 
young rats on varying experimental diets. To all these diets has been added 
water-soluble B in the form of a fat-free alcoholic extract of a yeast prepara- 
tion. About 50 per cent. of the animals have received a supply of fat-soluble 
A, the remaining 50 per cent. having been on diets where fat-soluble A has 
been either deficient or absent. As regards this latter statement a diet has 
been considered “deficient” in fat-soluble A when young rats, receiving a 
proper supply of the water-soluble accessory substance, have failed to grow 
after, and often long before, the eighth week of the experiment. They have 
been supposed completely lacking in the factor when lard has been the source 
of fat supply. The basal diet of all foods fed has consisted of extracted 
caseinogen, unextracted starch, sugar and salts. The stock animals from which 
the experimental animals have been selected have been fed on bread and 
milk and oats, with the addition for the last four months of various vegetables. 


° 


NOTE ON XEROPHTHALMIA IN RATS 105 


During the whole of the period five cases only of xerophthalmia have oc- 
curred. Two of these were rats which were being fed on margarine with which 
was incorporated an unknown quantity of egg yolk as the source of fat-soluble 
A; one animal was on basal diet plus lard plus 2 cc. of milk per day; another 
was being given fatty acids in place of fat, and the remaining rat was a stock 
animal which had never been on any diet save the normal stock food. 

The two first-mentioned animals were given butter as an addendum to 
their diet when the disease was well established, and their eyes were treated 
daily with boracic lotion. Both animals became cured within a week. Their 
growth curve was poor before the addition and good after. The animal having 
2 cc. milk daily did not clear up at all and ultimately died; the one on fatty 
acids as its source of fat was fed with an addendum of butter and began to 
get better after a week. (This animal is still under observation and is not 
completely cured yet.) The rat on stock diet was a considerable time re- 
covering—-some five or six weeks—but did so ultimately. Thus of the five 
cases, 

Two occurred on a diet where fat-soluble A was supplied, if to a limited 
extent. | 

One occurred on a diet where fat-soluble A was presumably present in 
sufficient quantity. 

One occurred on a diet where fat-soluble A was probably absent. 

One occurred on an ample stock diet. 

Again, 

Two animals were growing moderately well. 

One animal lost in weight. 

One animal neither declined nor increased in weight. 

Each experiment lasted some three or four months and in each experiment 
there were at least eight other animals on the respective diets, showing no 
symptoms at all. Xerophthalmia on this evidence would appear to have no 
direct relation to diet, since these five animals were on different types of food; 
and to have little relation to growth. 

It may be objected that the basal diet was not entirely free from fat- 
soluble A or that the fats used contained a sufficiency of the essential factor 
to prevent the onset of the disease. In view of the fact that practically all 
the animals on fat-soluble A deficient diets, though having an abundant 
supply of water-soluble B, failed ultimately to grow normally, and in many 
cases to grow at all, the former factor, if there at all, must, according to 
current views, have been present only in negligible quantities. 

In addition to the above experience there remains that of Totani, who 
was using more highly purified foods and always lard as his source of fat. 
I consider that the discrepancy between Hopkins’ and Totani’s results, in 
which the animals were upon a diet absolutely identical in each case, is due 
to there having been the infection present in the former case and not in the 
latter, and that the freedom of my own animals from this disease is owing 
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(1) to the fact that no trouble has been spared to keep the animals under 
the very cleanest and healthiest conditions, and 

(2) that care has always been taken to treat very promptly with boracic 
lotion any cases of slightly sore-looking eyes. 

As regards the clearing up of the symptoms, which the quoted workers 
have observed on the addition of fat-soluble A it is surely probable that, as 
in so many cases of obstinate infection, general improvement of health brings 
about a cure of the local condition. I feel convinced that with avoidance of 
initial infection, experimental animals can be kept almost entirely free from 
this so-called deficiency disease, whether fat-soluble A be present or absent, 
and that it is dangerous to draw conclusions as to the fat-soluble A content 
of any diet from the appearance of xerophthalmia. 
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mie te PREPARA TION OF, SILICA JELLY FOR 
USE AS A BACTERIOLOGICAL MEDIUM. 


By ALBERT TOM LEGG. 
University College, Reading. 


(Received March 6th, 1919.) 


Durtine the course of experiments involving the cultivation of seedlings in 
nitrogen-free media, a supply of silica jelly was required, free from combined 
nitrogen and of such consistency that it would support the growth of seedlings 
in tubes. 

Preparation of the jelly according to published methods [Smith, 1905] 
failed to give satisfactory or uniform results, especially with regard to the 
consistency of the gel, although great care was taken at every stage of the 
preparation. Since other workers seem to have experienced similar difficulties, 
it was thought that an attempt to standardise the method of preparation 
of silica jelly might prove useful and possibly save much labour. The present 
note is the outcome of such an attempt and is published in the hope that it 
may be of service to other workers. 

Preliminary work showed that the critical stages occurred during dialysis 
and that it was necessary to work with membranes of permeability varying 
within certain limits in order to obtain a uniform gel after autoclaving. 

Collodion membranes, prepared and graded, as described by Brown [1915], 
were tried for dialysing, but it was subsequently found easy to prepare mem- 
branes of the requisite permeability without alcoholic treatment. 

A solution of collodion is prepared by dissolving 6 g. of clean white gun- 
cotton in 100 ce. of a mixture of equal parts of absolute alcohol and ether. 
A quantity of not less than 500 ce. is made up and is allowed to stand for at 
least 24 hours to dissolve. The solution is then decanted into a bottle of con- 
venient size and shape for holding in the hand. Should minute insoluble 
particles be noticed on the side of the wetted flask. due to unequal nitration 
of the guncotton, the solution is decanted through a filter of glass wool. 
These insoluble particles are the cause of fragile and leaky membranes. 
Filtered collodion is always more satisfactory provided that precautions are 
taken to prevent undue loss of ether by evaporation. It is impracticable to 
prepare a solution of collodion of definite composition, but for the purpose of 
making membranes it should be of a consistency similar to that of a heavy 
oil. 
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Test tubes 74 < 14} inches were found most serviceable for the work. 
They must be thoroughly clean and dry, and also smooth; tubes with pro- 
jections on the glass give rise to leaky membranes. 

A test tube is held in a slanting position in the hand and slowly rotated 
while the collodion is poured down the inside until it is completely coated 
and a depth of about one inch has collected at the bottom. The collodion is 
then poured slowly back into the bottle, the tube being rotated as before. 
As soon as all the mobile collodion has entered the bottle, the tube is quickly 
inverted and its mouth placed firmly on a piece of paper with a folded duster, 
or pad of some kind, underneath, so that the tube is completely closed and an 
ethereal atmosphere maintained inside while it is allowed to drain for exactly 
6 seconds. The accumulation of collodion is quickly wiped off and the mem- 
brane rapidly dried by passing a glass tube, attached to a filter pump, up 
and down the test tube, which is rotated horizontally, meanwhile, to keep 
the coating of collodion evenly distributed. During this drying process the 
finger is lightly pressed against the collodion a little way inside the mouth of 
the tube every eight or ten seconds. Immediately the collodion ceases to 
adhere to the finger the test tube is quickly and carefully filled with water, 
and allowed to remain full for at least three minutes to prevent further loss 
of ether. 

It is important that the drying process should not be carried too far; the 
object in view being to obtain a thick membrane of low permeability; it may 
take any time from 30 seconds to 4 minutes according to the temperature 
and humidity of the laboratory. 

The membrane is now detached from the mouth of the tube by the aid of 
a needle and removed by allowing water to pass between it and the glass 
aided by gentle pressure of the fingers. 

These membranes are slightly milky in appearance, 7.e. of the ether rather 
than the alcohol type, and are sufficiently strong for easy manipulation. 
They must be kept under water and never allowed to become dry. 

For the dialysis of silicic acid a membrane of this size, when filled with 
distilled water and suspended in air, should not allow the water to drop 
oftener than once in twelve seconds. Membranes have been successfully used, 
with little difference in the time taken for dialysis, which had a range of from 
1 drop in 12 seconds to 1 drop in 80 seconds; but the thicker membranes are 
more reliable and may be used many times. 

Pure re-fused sodium silicate was used for the preparation of nitrogen-free 
media. This is supplied in opaque lumps which are slowly soluble in boiling 
water, but are readily brought into solution when raised to a temperature of 
140° for one hour in the autoclave. 100 ¢. of sodium silicate in a litre of dis- 
tilled water is readily diluted to give a solution of specific gravity 1-09. 

A standard solution of re-distilled hydrochloric acid of specific gravity 
1-10 is now prepared. It requires approximately 530 ec. of distilled water to 
the litre of acid to reduce the concentrated acid to this density. 
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Equal volumes of the acid and silicate solutions are taken, the former is 
poured into a conical flask and the latter into a large separating funnel and 
dropped into the acid which is shaken meanwhile. This acid mixture is allowed 
to stand from three to four hours, according to the temperature of the labora- 
tory, in order that the necessary chemical reaction may take place, the longer 
period being given when the temperature is below 15°. The mixture is then 
poured into a separating funnel and thence into the membrane, which is 
supported in a vessel of water to avoid undue strain. When nearly full the 
neck of the membrane is drawn together and secured with a rubber band and 
the membrane suspended in a gas cylinder—or other suitable vessel—of 
distilled water to dialyse. The distilled water is changed hourly during the 
day and dialysis continued until the silicic acid is neutral to litmus. This 
usually takes two days. After the first twelve hours the water in the dialyser 
is tested with litmus paper before each change, which gives an indication of 
the state of acidity of the solution inside the membrane and avoids unneces- 
sary manipulations. 

Running tap water as supplied to the town of Reading was repeatedly 
tried for dialysis, but always caused the silicic acid to gel in the membrane 
before dialysis was complete. 

When neutral to litmus, the silicic acid is poured into a beaker, the 
nutrient salts added in concentrated solution, and the medium boiled for five 
minutes to expel air. If not sufficiently boiled the plugs will be blown out of 
the tubes in the autoclave and an uneven gel will result. The medium is 
“tubed” whilst hot and immediately autoclaved for 20 minutes at from 135° 
—140°. 

Silicic acid prepared in this way forms a gel on autoclaving; if slants are 
required the tubes must be placed in the requisite positions in the autoclave 
as the gel once formed is irreversible. 

The success of the process depends upon: 

(1) The use of a membrane of standard permeability. A rather thick 
membrane of low permeability gives the best results. 

(2) A sufficiently long period being given for the sodium silicate and hydro- 
chloric acid to react after mixing. This is a critical factor. 

(3) The use of distilled water for dialysing. Constant changes of water 
especially in the earlier stages of dialysis in a vessel just large enough to take 
a membrane, are best. 

(4) Tubing the medium as quickly as possible after removal from the 
membrane and immediate autoclaving. The autoclave should be heated up 
while the medium is being tubed. 

If it is not convenient to tube and autoclave the medium immediately 
after dialysis, it may be kept for about 24 hours in the dialyser. If allowed to 
stand for a short time in a beaker after boiling, dialysed silicic acid will 
probably form needle-shaped crystals. 

It should be noted that compounds of silicon form deposits on glass. 
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These deposits are difficult to remove. It is therefore advisable to restrict the 
use of glass apparatus within reasonable limits during the preparation of the 
jelly. 

In conclusion I wish to thank Dr M. C. Rayner for suggesting this work, 


and also for giving me much valuable advice and criticism. 
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In the course of some work involving a comparison of various methods of 
extracting saps, it has been found necessary to give attention to conductivity 
measurements as a means by which the content of electrolytes of samples 
of sap might be compared. A considerable amount of recent work in plant- 
physiology has been based on determinations of this nature in which it 
has been generally assumed that the conductivity of saps can be employed 
as a direct, though possibly somewhat approximate, measure of the content 
of electrolytes. It is clearly of importance that this assumption should not 
be made without adequate investigation, but hitherto no such investigation 
appears to have been carried out. On the other hand there are grave reasons 
for denying the validity of the proposition, even as a first and very rough 
approximation except under certain strictly limited conditions. Attention 
was first called to this point by an examination of the results of the conduc- 
tivity measurements made by Dixon and Atkins [1913] on fruit juices. 
These were found to be uniformly low and the observers point out that this 
is the case even where acid fruits are in question, the juices of which are known 
to contain large quantities of organic acids. They explain their results as a 
consequence of the relatively slight dissociation of organic acids, but this ex- 
planation cannot be accepted as sufficient, as will be shown in detail below. 
It therefore became necessary to examine the matter further. 

Since all fruits contain considerable quantities of sugars, it was thought 
possible that the presence of these in the juices might lower the conductivity 
and thus account for the discrepancies observed. This supposition was con- 
firmed by comparative determinations of the conductivities of certain electro- 
lytes (potassium chloride and citric acid) in aqueous solution and in solutions 
containing glucose, from which it was evident that the reduction of conduc- 
tivity is considerable and must be of importance in the case of sugary saps. 
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It was subsequently found that the influence of non-electrolytes on the 
conductivity of aqueous solutions of various electrolytes had been worked 
out in detail by Arrhenius [1892] for a number of typical substances—elec- 
trolytes and non-electrolytes—and the object of the present paper is to discuss 
the bearing of the results thus obtained on the determination of conductivity 
in plant juices, especially in relation to the estimation of the content of elee- 
trolyte as carried out by Dixon and Atkins [1913]. 

Arrhenius found that for concentrations of non-electrolytes up to 10 per 
cent. (by volume) the conduetivity of a solution may be expressed by the 


equation C=C, (1 ia ah 
where 

C = conductivity of the solution containing « per cent. (by volume) of non- 
electrolyte; 

Cy = conductivity of an aqueous solution of the same electrolyte at the 
same concentration, and a = a constant. 

The constant @ varies with the nature of the non-electrolyte and of the 
conducting solution. It increases with the concentration of electrolyte but 
the variation is very small for highly dissociated substances. Arrhenius dis- 
tinguishes the following groups of electrolytes. In each group the value of a 
is approximately constant for a given non-electrolyte. 

Group 1. Strong univalent acids and alkalies. 

Group 2. Salts giving univalent anions and cations. 

Group 3. Salts giving univalent cations and bivalent anions. 

Group 4. Salts giving univalent anions and bivalent cations. 

Multivalent acids and weak univalent acids usually give still higher values 
of a and the same is true of salts which only undergo slight dissociation, e.g. 


HgCl,. It is to be noticed that if < which is very Small be neglected 
an = on : 
0 
The decrease in conductivity is therefore proportional to the concentration of 
non-electrolyte. 

It has been already remarked that the concentration of a highly dissociated 
electrolyte can be varied within wide limits without producing more thana slight 
variation in the value of a. It is therefore impossible to find a general explana- 
tion of the reduction of conductivity produced by the addition of non-elec- 
trolytes by assuming a change in the degree of dissociation and this conclusion 
is supported by other considerations. Arrhenius attributes the greater part 
of the reduction to the increase of viscosity produced by the replacement of 
water by non-electrolyte, and he shows that for any given non-electrolyte a 
may be expressed with fair accuracy as a linear function of its viscosity in 
1 per cent. solution. There is, however, some divergence due to change in 
the degree of dissociation and in the case of slightly dissociated substances 
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this factor cannot be neglected. It is to be noticed that the constants of the 
equation connecting a with the viscosity of the solution vary with the nature 
of the non-electrolyte. It is, therefore, impossible to find a general formula 
expressing Cy in terms of C—the measured conductivity—and the viscosity. 

The following examples taken from Arrhenius’ tables will give some idea 
of the values obtained for a. 


Table I. Values of a « 100 for various non-electrolytes. 


Non-electrolyte Group 1 Group 2 
Methy! alcohol 1-62 1-75 
Ethyl alcohol 1-88 2-34 
Isopropyl! alcohol 2-03 2°56 
Ether 1-63 1-99 
Acetone 1-56 1-62 
Cane sugar 2-44 2-99 


Table Il. Values of a x 100 for electrolytes of various constitution. 


Electrolyte | Ethylalcohol Cane sugar 


Group 1 sae 1-88 2:44 
2 2-34 2-99 
a aS 25 3°34 
Pa ee: 2°39 3°09 
H,SO, N/4 2°55 a 
H,SO, N/200 2°53 2°93 
Oxalic acid N/8... 2-61 3°03 
“S » V/100 2-10 2°81 


These values represent the percentage decrease in conductivity in a 1 per 
cent. (by volume) solution of non-electrolyte. By dividing by the density of 
the non-electrolyte, a more convenient value, a, is obtained which represents 
the percentage decrease of conductivity in a solution containing | g. of non- 
electrolyte in 100 cc. Table III gives values of a. 


Table III. Values of a = “i. ) for electrolytes of various constitution. 


Electrolyte | Ethylalcohol Cane sugar 


Group 1 aoe 2-38 1-54 
Senge et ee 2-96 1-88 
Sy ih ce 3°18 2-10 
apy ee 3°03 1-94 
H,SO, N/4 EA 3°23 _ 
H,S0, N/200: ...§ 3-20 1-84 
Oxalic acid N/8... 3°30 1-91 
ot -N/l00. 2-66 1:77 
d for ethyl aleohol =0-79. d for cane sugar = 1-59. 


It is now possible to estimate the correction which must be made in solu- 
tions containing non-electrolytes in order to obtain the corresponding con- 
ductivities in aqueous solution from the observed conductivities. Arrhenius’ 
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equation may be taken as accurate up to 10 per cent. (by volume) of non- 


0. 
; 8 4 per cent. Therefore 
0 

in the ease of plant juices the reduetion of conductivity may without serious 


electrolyte. At 20 per cent. the error in the ratio 


error be taken as proportional to the content of non-electrolytes. For cane 
sugar solutions the value of u is approximately 2; and glucose produces ¢ 
very similar effect; the conductivity of a solution containing 5 per cent. of 
sugar is therefore reduced by 10 per cent. and the factor for the correction 
100 
90 
contain sugars and other non-electrolytes in much greater concentration than 


of the measured conductivity is 1-11. Since, however, many saps 
5 per cent. the correction in these cases may be very large. The magnitude 
of this effect appears to have been much underrated in various recent re- 
searches on the conductivities of vegetable saps even where it is not altogether 
ignored. The work of Dixon and Atkins is a case in point, and it is interesting 
to calculate the conductivities of aqueous solutions corresponding to the saps 
investigated by them in cases where an approximate estimate can be made 
of the nature and quantity of the non-electrolyte present. For this purpose 
the values of C may be taken from a table compiled by Atkins [1916, p. 157 
from results obtained by him and Dixon. They are shown below in Table IV 
compared with the corresponding values of Cy. 


Table IV. 
Concentration of 
sugar assumed Cx 105 Coealoe® 

11 O/ 

Fruit Di 
Citrus aurantium 9 208 254 
Citrus limonum 2, 345 359 

Lycopersicum 

esculentum 4 457 497 
Pyrus malus 12 161 212 
Vitis vinifera 14-5 112 158 


Vaccinium oxycoccus has béen omitted, as no estimate of its sugar content 
could be obtained. The sugar content of the other fruit juices is taken in 
round numbers from Wehmer’s Pflanzenstoffe and Cy is caleulated from the 


equation 


100 C 


Oy 100 -z? @ being taken equal to 2. 


The sugar content of fruits is of course very variable, therefore no approxi- 
mation to accuracy can be claimed for the above figures; they serve however 
to show the order of magnitude of the error which must be produced by the 
Sugars present in the juices; this amounts in the case of grapes to 40 per cent. 
It must be remembered too that the sugars are not the only source of error; 
the effect of alcohols, esters, pectins, dextrins and the remaining non-elec- 
trolytes other than sugars which are present has been ignored in the above 
calculation. In some cases these must play an important part, and a further 
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examination of one or two of the foregoing results may throw light upon 
this point besides providing criteria by means of which one may judge 
certain conclusions which Dixon and Atkins have drawn from their ob- 
servations. 

These conclusions are as follows: (1) that the influence of organic salts 
and acids on the conductivity is small [1913, p. 439] and (2) that ‘‘even in 
acid fruits by far the larger porportion of the osmotic pressure is still due to 
non-electrolytes” [Atkins, 1916, p. 157]. 

These statements as they stand are obviously difficult of acceptance and 
in the case of (2) the underlying fallacy is evident. Dixon and Atkins have 
made without further enquiry an assumption which is expressed by Atkins as 
follows: “that by finding the freezing point of solutions of some standard 
substance, such as potassium chloride, which have conductivities equal to 
those of the plant juices under examination, and by subtracting these values 
from the freezing points of the saps as actually observed, it is possible to get 
a very approximate measurement of the proportion of the osmotic pressure 
due to non-electrolytes. The values thus obtained are probably somewhat too 
low owing to the increased viscosity of the sap occasioned by the sugars in 
solution” [Atkins, 1916, p. 149]. This is in effect to assume a rough propor- 
tionality between osmotic pressure and electrical conductivity for which no 
theoretical basis exists, osmotic pressure being determined by the joint con- 
centration of molecules and ions while electrical conductivity is a function of 
the number and velocity of the ions alone. How far astray the assumption 
may lead can be shown by examining the values obtained by Dixon and 
Atkins for lemon juice. Lemon juice is stated by Wehmer to contain 5 to 10 
per cent. of citric acid; therefore the lemon juice examined probably repre- 
sented at least a normal solution (6-4 g. in 100 cc.), the freezing point of which 
has been found to be — 0-72° whereas by Dixon and Atkins’ method the 
depression of the freezing point due to all the electrolytes in lemon juice 
works out at 0-170°. Indeed since the value of A for lemon juice was 
found by Dixon and Atkins to be 1:089°, and that for the acid it contains 
exclusive of salts has been shown to be of the order 0-7 it is clear that the 
depression of freezing point due to non-electrolytes must be veiy small. 
The conclusion stated above must, therefore, be reversed in this case. In 
lemon juice only a very small part of the osmotic pressure can be due to non- 
electrolytes. 

Only a small part of this error can be attributed to the lowering of the 
conductivity by viscosity; the error is the natural result of the assumption 
that equi-conducting solutions of such substances as citric acid and potassium 
chloride contain an equal number of molecules and ions. In the case of a 
mono- or di-basic organic acid the error would probably be greater still. Where 
salts are in question the matter may be somewhat improved, since the degree 
of dissociation is rather more comparable with that of potassium chloride, 
but large differences still remain, and added to these is the effect of widely 
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divergent ionic mobilities, for in this case there are no mobile hydrogen ions 
present to compensate for the slowly moving anions. There is therefore no 
theoretical justification for the assumption and as the basis of an empirical 
formula it is far too precarious to be of any value even in the most limited 
field. 

The conclusion drawn by Dixon and Atkins that the influence of organic 
salts and acids on the conductivity is small is based on the low conductivities 
which they observed. It has been shown above that these low results are to 
some extent a consequence of the presence of non-electrolytes in the saps, 
but in highly acid saps another very important factor must also be allowed 
due weight. It is well known that the hydrogen ion concentration of an acid 
solution may be greatly lessened by the addition of a salt of the same acid. 
In the case of organic acids possessing heavy slowly moving anions the con- 
ductivity is very largely due to hydrogen ions and in consequence the 
conductivity of a mixture of salt and acid may be less than that of the acid 
alone, especially where acid salts are formed. Thus the conductivity of a 
decinormal solution of citric acid was found to be 183 « 10-> at 25°; that 
of a similar solution which also contained N/50 sodium citrate was found 
to be 172 x 10-°, while N/100 sodium citrate reduced the conductivity 
to 142°x 107° 

In these solutions where the principal electrolyte is an organic acid and 
where the degree of dissociation has been reduced by the presence of salts 
the action of non-electrolytes upon the conductivity becomes less marked 
and the value of a may fall very considerably below 2. The value of Cy as 
calculated above will then be too high. The joint influence of organic salts 
and acids on the conductivity may thus under these conditions become rela- 
tively small and the assumption made by Dixon and Atkins be correct; 
but even where salts exert their maximum effect in reducing conductivity, 
the measured conductivity will still be very considerably below that of a 
corresponding aqueous solution if any considerable quantity of non-electrolyte 
is present. 

It must also be observed that the values of a given by Arrhenius were in 
most cases determined for highly dilute solutions. These values tend to rise 
as the concentration of the electrolyte is increased, especially where, as for 
organic acids, the degree of dissociation of the electrolyte is largely reduced 
by increased concentration. This is an effect apart from and opposite to that 
produced by salts. Thus it will be seen from Table III that the effect of ethyl 
alcohol on the conductivity of oxalic acid is increased 24 per cent. when the 
concentration of the acid rises from N/100 to N/8. In order to ascertain the 
value to which a rises in highly concentrated solution, observations have been 


1 Since writing the above attention has been directed to two papers which bear upon this 
point. Haas [1917] gives measurements of actual and total acidity for a number of plant 
juices. Hempel [1917] examines the buffer effects produced by salts in the saps of various plants 
and the relation of P,, to titration in lemon juice. 
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made of the reduction of conductivity produced in solutions of normal citric 
acid by the addition of cane sugar and ethyl alcohol respectively. The solu- 
tions were made from ordinary commercial citric acid, equal volumes of 2N 
solution being diluted to normal. The results obtained are shown below. 


Table V. The effect on conductivity of additions of cane sugar and ethyl 
alcohol to normal solutions of citric acid. 


Reduction of 


conductivity 
CENOP x 10° a 
Aqueous solution ... este Bsa “oe 553 — — 
Solution containing 2% cane sugar... 529 24 2°12 
Solution containing 2-4 % ethyl alcohol... 497 56 4-21 


The effect of alcohol on normal citric acid is thus nearly double that of 
cane sugar. Higher alcohols and esters appear to act in a similar manner 
and these may be of importance in reducing conductivity of the more acid 
fruit juices, but little is known as to the amount in which such substances 
are present in fruits. 

There can be no doubt that the low conductivities which have been ob- 
served in fruit juices are due to two principal causes: 

(1) The action of non-electrolytes. 

(2) The mutual action of salts and acids in repressing dissociation. 
Which factor will exert most influence must depend upon the nature and 
quantity of the acid present, the proportion of acid to salt and the concen- 
tration of non-electrolyte. Before it is possible to interpret the results of 
conductivity measurements in any given case further investigation is required 
of the influence of both salts and non-electrolytes upon the conductivity of 
organic acids, and also of non-electrolytes upon mixtures of these acids and 
their salts. 


For the assumption that the influence of organic acids and salts on the 
conductivity is small and that the effect of non-electrolytes is usually negligible, 
Dixon and Atkins claim support from the results of certain experiments of 
Heald [1902] in which he found that the conductivity of certain plant juices 
was approximately equal to that of a solution of ash in a volume of water 
equal to that of the juice from which it was derived. 

It must however be remembered that the relation of ash to sap is a very 
complex matter, and even were there no definite experimental evidence against 
the conclusion reached by Dixon and Atkins it would be hard to derive 
support for it from Heald’s observations. The ashing of a sap involves a large 
number of changes which may affect conductivity. These include: 

(1) The destruction of organic acids. 

(2) The conversion of organic salts into carbonates some of which may be 
insoluble. 


118 D. HAYNES 


(3) The conversion of the metallic constituents of colloid substances 
(chlorophyll, proteins, pectins) into carbonates or oxides, 

(4) The conversion of organic compounds of phosphorus and sulphur into 
phosphates and sulphates. 

(5) The removal of non-electrolytes which reduce the conductivity. 

How far these effects balance one another, must be largely fortuitous. In 
Heald’s experiments the conductivity of the ash was usually found to be less 
than that of the sap, the difference varying from 2 per cent. to over 20 per 
cent. In the case of cucumber fruit—the only fruit investfgated—the con- 
ductivity of the ash was only 60 per cent. that of the sap. 


Dixon and Atkins’ experiments on the effect of liquid arr in rendering 
d de | J 
protoplasm permeable. 


The foregoing considerations throw some light on an interesting series of 
experiments carried out by Dixon and Atkins [1915] on the differences in 
plant juices obtained by various methods. In these experiments a comparison 
was made between the juice from plant organs when pressed without previous 
treatment and the juice of the same organs when treated by exposure to 
liquid air before pressing. Determinations of freezing point and conductivity 
were made and on these were based conclusions as to the relative proportion 
of electrolytes and non-electrolytes present in each pair of samples. Dixon 
and Atkins found that in every case the freezing point of the juice from the 
treated organs was lower than that from the untreated, a clear indication 
that exposure to liquid air had reduced the resistance of the protoplasm to 
the passage out of the cell contents. They also found in many cases a corre- 
sponding but relatively less increase in conductivity which they interpret as 
showing that protoplasm in its untreated state is more permeable to electro- 
lytes than to non-electrolytes. ; 

In considering experiments of this nature it is desirable to form so far as 
possible some mental picture of the actual processes which take place. When 
living tissue is submitted to pressure it may be assumed that an exceedingly 
dilute solution of electrolytes will pass out at first, after which, as pressure is 
increased and a number of the cells are killed or burst, the greater part of 
their contents will escape. In the case of frozen tissues the cells of which are 
dead from the first, the escape of cell sap from the material will begin as soon 
as sufficient pressure is exerted. Dixon and Atkins assume that the difference 


in the value of the ratio < is evidence that a considerable quantity of elec- 


trolyte passes through the living protoplasm before it is killed by pressure. 
The interpretation of this ratio is, however, a matter of some difficulty and 
a further examination of Dixon and Atkins’ work is necessary in order to 
draw definite conclusions from their experiments. F 
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For this purpose a table compiled by Atkins [1916, p. 118] is quoted below 
- which shows the effect of liquid air on the nature of the sap expressed from 
various plant organs. 


C x 108 
A C x 105 A” 
(1) Hedera helix leaves untreated re 0-767 403 D2 
Same sample frozen _... Ni ae es 1-:255° 605 4-8 
(2) Llex aquifolium roots untreated ... ent 0-531" 563 10-6 
Same sample frozen... Ee “of 0-682° 629 9-2 
(3) Ilex aquifolium leaves Pee tod Sele 0-651° 433 6-6 
Same sample frozen... are wate 1-130° 619 5-4 
(4) Pyrus malus fruit untreated AOE sie 1-507° 171 ‘fe 
Same fruit frozen tee : aa 1-919 16] 0-8 
(5) Solanum tuberosum tuber eeeated ia 0:523° 555 11-0 
Same tuber frozen Ae ope ae 0-588° 583 9-9 
(6) Vitis vinifera fruit untreated... bat 2:567° 132 0-5 
Same sample frozen... bs ae 3:°185° 112 0-3 
(7) Chamoerops humilis leaf oiueieatea a! 0:365° 298 8:1 
Same leaf frozen pae ine at 1:529 752 4-9 
(8) Beta vulgaris root untreated he a 1-473° 570 3°9 
Same root frozen ac ins Ms 1-761° 555 372 


It must be pointed out in the first instance that an increase in the total 
concentration of the constituents of the sap will not be accompanied by a 
proportional increase of conductivity, since the depression of the conductivity 
by non-electrolytes will also be proportionately increased. It is therefore 
necessary to consider in the first place whether Atkins was justified in the 
main conclusion which he drew from his experiments, viz. that the sap from 
the untreated tissue contained a higher proportion of electrolytes than that 
from tissue which had been previously frozen. 

In order to obtain evidence upon this point the assumption is made here 
that the ratio of electrolytes to non-electrolytes in the two saps of each pair 
of samples from Atkins’ table is the same, and that the relative decrease of 
conductivity in the sap from the frozen tissue is entirely due to the depression 
produced by the larger quantity of non-electrolyte it contains. On this hypo- 
thesis the amount of non-electrolyte can be calculated if a value be assumed 
for a. From Arrhenius’s equation we have 


C, _100—ax 
Ohh 100 
and C, _ 100 -apx 
Gip-* > 100 
which gives Opie Wa 
C, 100 -apx 


where C,, C, = the conductivities of the saps from the frozen and unfrozen 
organs. 


Cy = the conductivity of an aqueous solution corresponding to the more 
concentrated sap. 
ws 
p = the ratio A,’ which by hypothesis is the ratio of electrolytes and uon- 
electrolytes in the two saps. 


Bioch. xm 9 
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ve — the percentage concentration of non-electrolyte in the more concen- 
trated sap. 

Below are tabulated the values of # calculated from this equation from 
the values of A and Cx 10° observed by Dixon and Atkins and quoted above; 
the value assumed for « is 2. 


Table VI. 


A, A, C, x 10° Cox 10° ti, zo, 
Hedera helix ... Sed 0-767 1 256° 403 605 : 9 12 
Ilex aquifolium roots ... 0-531 0-682° 563 629 20 6 
leaves 0-651° 1-130° 433 619 17 10 
Pyrus malus... ss 1-507° 1-919° 171 16] 31 18 
Solanum tuberosum... 0°523° 0-588" 555 583 19 6 
Vitis vinifera ... wee 2-567° 3°185° 132 a, 35 30 - 
Chamoerops humilis... 0-365 1-529 298 752 20 14 
Beta vulgaris... eee 1-473° 1-761° 570 555 29 17 


* 91 represents the percentage concentration of hexose the osmotic pressure of which corre- 
sponds to A,. This is added for comparison. The corresponding quantity of cane sugar would 
of course be nearly double. 

It must be remembered that equivalent conductivity wilt increase with dilution. In the 
ease of acid saps this is very important, for the dissociation of most organic acids increases very 
rapidly as concentration diminishes. Increased dissociation may thus be largely responsible for 
the high value of a in such a case as that of Pyrus malus, or where the two samples of sap exhibit 
large differences of concentration. 

Bearing these facts in mind a comparison of the values of x and x! does not 
appear to justify Dixon and Atkins’ general conclusion that the proportion of 
electrolyte to non-electrolyte is higher in the saps from the untreated than in 
those from the treated tissues. In the majority of cases the differences ob- 
A 
that the electrolytes in the less concentrated saps are more highly dissociated 
and are subject to the action of a smaller quantity of non-electrolytes. In 
one or tio cases, however, and notably those of /lex and Solanum, it appears 
to be necessary to assume that there is an appreciable difference in the ratio 
of electrolyte to non-electrolyte in the two saps. This may be due to the 
expression of electrolyte from the untreated tissue before this becomes per- 
meable to the other constituents of the cell sap as Dixon and Atkins assume, 
but it is clear that the same effect would be produced by the filtering out of 
non-electrolyte from the untreated tissue. If substance of high molecular 
weight were thus removed a considerable increase of conductivity might be 
produced while the accompanying change of osmotic pressure would be small 
and a small difference in concentration would accordingly account for the 
results obtained!?. 


served in the ratio , can with great probability be accounted for by the fact 


1 It will be noticed that in three of the examples quoted from Atkins’ table the conductivity 
of the sap from the frozen organ is less than that from the same organ untreated. It is suggested 
by Dixon and Atkins [1913. p. 430] that this is probably due to actual differences in the sap from 
different samples of the same organ, but that part of the effect may be due to viscosity. Differences 
of this magnitude would invalidate any conclusions that might be drawn from the experiments. 
It is however clear from the foregoing that it is entirely unnecessary to assume such differences. 
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One other point merits some further consideration. There is no doubt 
that the colloidal constituents of the sap tend to be filtered out in pressing 
and it is probable that the sap from treated tissues contains more of these 
substances than that from the untreated. It is therefore natural to suppose 
that this fact may provide an explanation of those cases in which the ratio 
of electrolytes to non-electrolytes varies in the two saps. 

The case of Solanum tuberosum suggests the action of dextrin and it is 
natural to expect that pectin may exert a similar influence. There is, however, 
considerable doubt as to the part played by colloids in this respect, and 
Atkins has pointed out that the viscosity of solutions of this nature is not a 
measure of their influence upon conductivity. He instances the well-known case 
of gelatin gels and he describes an experiment in which a pectin solution was 
gelatinised and its viscosity therefore largely increased, while its conductivity 
remained unchanged. Atkins draws the conclusion that the effect of pectin ~ 
upon conductivity is negligible and that this is true for the whole class of 
substances to which pectin belongs—this, however, is to go beyond the facts. 
Emulsoid colloids are two phase systems the two phases of which consist of 
solutions of the colloid in water and of water in the colloid. Conductivity 
appears to be conditioned by the composition of the more liquid phase only, 
but as this may contain a considerable quantity of the colloid the effect on 
conductivity may be far from negligible. All that Atkins’ experiment appears 
to show is that the gelatinisation of pectin is a process which leaves the more 
liquid phase unchanged. It must be remembered, however, in regard to 
pectin that it has been observed to possess acid properties. Pectin and its 
salts may, therefore, have some conducting power in solution which will tend 
to counterbalance their effect on other electrolytes. 

Until the action of colloidal substances has been further elucidated the 
complete interpretation of such observations as those of Dixon and Atkins 
cannot be attempted. It may however be stated with some assurance that 
their results indicate that in most cases the difference in the ratio of electrolyte 
to non-electrolyte in the saps from treated and untreated tissues must be 
very small, and that there is no evidence that any considerable quantity 
of electrolyte can be pressed out from the living cell. These conclusions 
are borne out by some experiments of André [1906, 1907] to which Atkins 
[1916, p. 119] has called attention. André determined the proportion of 
nitrogen and ash in samples of sap squeezed from various organs by 
successive pressures of 3, 12:5 and 25 kilos per square cm., and arrived at the 
conclusion that while the concentration of the substances present in the juice 
varied as the result of different pressures their relative proportions remained 
unchanged. The method was not susceptible of great accuracy. Small differ- 
ences of concentration produced by filtration would scarcely be detected by 
this method especially if the substances filtered out contained neither mineral 
matter nor nitrogen. The experiments, however, lend some support to the 
view that any differences in the composition of the saps are mainly due to 
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the holding back of non-electrolytes by the untreated tissue in the course of 
filtration. 

The foregoing analysis makes it clear that very great caution is needed in 
the interpretation of observations of the conductivity of plant saps. Decrease 
of conductivity may be occasioned not only by the addition of non-electrolyte 
but even in some cases by the addition of electrolyte, while changes of con- 
centration often produce large changes in equivalent conductivity. It is 
hardly possible therefore to regard electrical conductivity as being in any 
sense a measure of content of electrolyte. Comparative measurements must 
nevertheless be of great value in the study of plant saps where methods are 
available by which the corresponding conductivity in aqueous solution can 
be ascertained. 

[t remains therefore to consider the possibility of introducing a cor- 
rection by means of which conductivity measurements can be reduced to 
standard conditions. 

Some indication of content of non-electrolyte can be obtained from freezing 
point determinations, but these are of little value for the present purpose, 
since change of conductivity is proportional to the actual content of non- 
electrolyte and not to its molecular concentration, so that e.g. a hydrolysis 
of cane sugar might take place which doubled the osmotic pressure, without 
producing an appreciable alteration of the conductivity. In saps which con- 
tain considerable quantities of sugar density determinations are of more value 
for this purpose, but the following appears to be the simplest method of 
determining the value of Cy for a given sap. 

By diluting with water to twice the volume the conductivity of the 


electrolyte in water is approximately halved and ax becomes = If the con- 
ductivity of the diluted sap be then measured we have: 


: (100 La 3) =100C, 


where C,, C, are the measured conductivities. 

From these equations the value of Cy and ax should be obtained with fair 
accuracy in those cases in which the degree of dissociation varies very slightly 
with the dilution. When saps contain any considerable quantity of organic 
acids it is impossible to assume that the conductivity is halved by diluting to 
twice the volume. In these cases the matter is far more difficult especially as 
the degree of dissociation of the acid and consequently the effect of non- 
electrolytes upon it will be largely determined by the amount of salts present 
in solution. 

Further study of the action of both salts and non-electrolytes upon the 
conductivity of organic acids is necessary before helpful suggestions can be 
made in this connection. 
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SUMMARY. 


* 


i. Attention is drawn to the effect of non-electrolytes on the conductivity 
of electrolytes and a paper of Arrhenius is summarised in which the effect is 
investigated and its magnitude given for various cases. 

2. An examination is made of the causes of the low values obtained in 
conductivity measurements in fruit juices containing considerable quantities 
of organic acids. It is pointed out that these low results must be ascribed to 
the action of non-electrolytes and of salts, but that further investigation of 
the mutual action of these two factors is necessary. 

3. An attempt is made to estimate the influence of non-electrolytes and 
of the changes in the degree of dissociation produced by dilution in certain 
results obtained by Dixon and Atkins when comparing the saps obtained 
from frozen and unfrozen plant tissues. It is suggested that there is very 
little evidence for the marked differences which they assume to exist in the 
proportional composition of the two kinds of saps. It is further suggested 
that these experiments afford no evidence that the protoplasm of the cells of 
tissue under pressure is permeable to electrolyte to any considerable extent. 

4. A formula is suggested by means of which in certain cases conductivity 
measurements may be reduced to standard conditions. 


I desire to express my indebtedness to Professor V. H. Blackman for 
much help and criticism. 

This work has been carried out in connection with an investigation of Cold 
Storage problems for the Food Investigation Board of the Department of 
Scientific and Industrial Research. 
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AtrnoucH the work that has hitherto been done on the proteoclastic enzymes 
and their actions is considerable, the great bulk of it has been carried out in 
connection with those enzymes which occur in the animal body. Compara- 
tively little has been done on the vegetable proteases*. This is possibly due 
to the fact that whereas the three types of animal proteases can be readily 
differentiated according to their origin, very different is the case with the 


1 This investigation was carried out at the South-Eastern Agricultural College, Wye, between 
1912 and 1914. Publication was delayed owing to the author’s absence on military service. 

2 Some confusion exists in the terminology of the proteoclastic enzymes. Euler [1912] calls 
them carhamases or proteinases and considers that animal pepsin is a pepsinase and trypsin a 
tryptase. Vines gives the name peptase to those enzymes which convert the higher more complex 
proteins into albumoses and peptones, and ereptase to those that split up albumoses and peptones 
into simple amino-acids. 

The custom is rapidly becoming general of giving an enzyme a name derived from that of the 
substrate on which it acts by changing the final letter or syllable into ase. Thus lactase is the 
enzyme which hydrolyses lactose, urease that which decomposes urea into CO, and NHs. Accord- 
ing to this nomenclature the names used by Euler and by Vines are obviously incorrect for a 
tryptase would mean an enzyme which acts upon trypsin, an ereptase one that hydrolyses erepsin, 
and so on. It would be advisable in order to bring the terminology of the proteoclastic enzymes 
into line with that of other enzymes to apply the term protease to all those enzymes whether 
animal or vegetable in origin which will attack any of the proteins or their intermediate decom- 
position products. Those which attack the higher proteins only (?.e. those similar to pepsin) 
would be called proteinases, whereas those which split up albumoses, peptones, etc. but not the 
higher proteins (i.e. those similar to erepsin) would be peptases. 

Animal trypsin is anomalous in some respects and has both proteinoclastic and peptoclastic 
properties. It cannot therefore be classed either as a proteinase or a peptase but only (generally) 
as a protease. It is not impossible though that trypsin may ultimately be found to be separakle 
into a proteinase and a peptase [Vernon, 1904, 1; Vines, 1909]. Similar considerations apply to 
the vegetable ecto-proteases, e.g. of Nepenthes, which are considered to be mixtures of proteinases 
and peptases. 

This terminology (which will be adhered to in the following paper) of course in no way conflicts 
with, or renders unnecessary. the classical individual names pepsin, trypsin and erepsin for the 
three particular enzymes so designated. Thus pepsin and erepsin are two particular enzymes 
belonging respectively to the classes proteinases and peptases. 
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vegetable proteases because a classification of these is not possible according 
to either the localisation of the enzymes or the nature of the media in which 
they act. 

Three types of animal proteases are known: 

1. Pepsin, which attacks so far as is known all true proteins. The products 
formed consist of albumoses and peptones, 7.e. the hydrolysis is incomplete, 
lower polypeptides and amino-acids not as a rule appearmg. Pepsin occurs 
in the gastric juice of all the vertebrates examined with the exception of 
certain fishes and it exerts its optimum activity in faintly acid solution, being 
quite inactive in an alkaline medium. 

2. Trypsin, which is active in alkaline or neutral solution only, resolves 
proteins (as well as albumoses, peptones, etc.) into simple polypeptides and 
amino-acids. It is found in the pancreatic juice of all vertebrates, as well as 
in insects, protozoa, sponges, worms and molluscs. 

3. Hrepsin resembles trypsin in actively decomposing albumoses, pep- 
tones, protamines and polypeptides into simple amino-acids, but differs 
widely from it in its inability to decompose higher proteins such as fibrin and 
albumin. It occurs in the intestinal juice and intestinal mucous membrane 
and appears to be the most widely distributed of all the proteoclastic enzymes. 
According to Vernon [1904, 1, 2] the peptoclastic activity of trypsin is due 
to an ereptic enzyme (pancreato-erepsin) associated with it, so that it is con- 
ceivable that trypsin may be really separable into a pepsin and an erepsin 
(or rather a proteinoclastic and a peptoclastic part). 

The vegetable proteases appear to be of two kinds which differ 

(a) in mode of occurrence; and 

(b) in the relations which exist between their digestive activity and the 
reaction, 7.e. acidity or alkalinity, of the media in which they act. 

One of these, and apparently the smaller class, consists of the extracellu- 
lar or ecto-proteases which are found in the secretions of certain plants, 
e.g. in the antiseptic almost protein-free sap of the leaf pitchers of Nepenthes, 
in the leaf glands of Dionaea and Drosera and the leaf edge of Pingweula, 
and also in bacteria especially those forms capable of liquefying gelatin. 
According to Vines [1897] the ecto-protease of Nepenthes is inactive in neutral 
and alkaline solutions, but is very active at the natural acidity of the pitcher 
liquid and also in the presence of free acid (up to 0-3 % HCl). This ecto- 
protease decomposes proteins not merely into albumoses and peptones but 
into amino-acids as well, and is considered by Vines to be a mixture of a pro- 
teinase and a peptase. On the other hand the ecto-protease of Drosera is 
active in alkaline and neutral as well as in acid media; it would appear there- 
fore that the plant ecto-proteases are less rigid than the corresponding animal 
ones in respect to their activity in acid or alkaline media. 

The second and larger class of vegetable proteases comprises the intra- 
cellular or endo-proteases most of our knowledge of which is due to Vines 
[1904, 1905, 1906, 1908, 1909, 1910]. They occur more especially in germi- 
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nating and ungerminated seeds and more abundantly in oil-bearing than in 
starch-containing seeds, and particularly in Cannabis sativa, Sinapis, Ricinus 
and Linum. They also occur in certain juicy fruits (Ficus carica) and 
leaves (Agave) and in many fungi such as yeasts. They belong to two 
groups (a@) proteinases! and (b) peptases!. 

(a) The proteinases break down the true proteins such as fibrin and 
albumin, the decomposition however proceeding only as far as albumoses 
and peptones, behaving in this respect like animal pepsin. They are readily 
soluble in NaCl-solution but only slightly so in water or 50% alcohol. Their 
extraction from seeds by means of water is therefore slow, as salts, etc., are 
extracted first, the enzymes dissolving in the solution so produced. Their 
digestive activity is greatest at the natural acidity of the plant extract. With 
pure aqueous extracts the activity is strong in neutral and even in slightly 
alkaline solution, but a slight addition of mineral acid (0-05 °/, HCl) or of 
rather more organic acid (0-30 °% citric) arrests the action. Increase of alka- 
linity does the same. In this respect they differ from animal pepsin and the 
ecto-protease of Nepenthes, both of which show their optimum activity in the 
presence of free acids. In this connection it is worthy of note that Fernbach 
and Hubert [1900] regard the primary (acid) and secondary (basic) phosphates 
present in malt extracts as determining the course of protein-digestion, the 
former promoting, the latter retarding it. 

The endo-proteinases very rarely occur alone in the organs of plants where 
proteins are decomposed but are usually (according to Vines always) accom- 
panied by peptases which correspond with the erepsin of the animal body, 
differing from it only in their more extensive reaction range in the direction of 
acidity. As Vines points out, the fact that we never find proteinases apart 
from peptases must be correlated with the significance of the proteoclastic 
enzymes in the plant economy: proteinases alone would never be able to 
carry protein-hydrolysis far enough, as they hydrolyse only as far as albumoses 
and peptones. 

(6) The peptases are readily soluble in water and in aqueous solutions of 
neutral salts. Their digestive activity is exclusively peptoclastic and is 
especially associated with an acid medium. The reaction range is not known 
as “pure” solutions of peptase have not been experimented with and the 
presence of other substances materially affects the action of acids and alkalies 
upon the enzyme. 


Practically all the work done so far on the plant proteases has been con- 
fined to those that occur in seeds and in certain juicy fruits and insectivorous 
plants. Very little work has been done on the enzyme content of other parts 
of plants. The present investigation was undertaken with the object of 
determining whether proteoclastic enzymes exist in the ordinary foliage 
leaves and other parts of certain common farm crops and if so how far they 


' Called by Vines peptases and ereptases respectively. Cf. note on p. 124. 
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resemble in their action the seed proteases. The crops experimented with, 
some fourteen in number, were grown on the college farm of the South-Eastern 
Agricultural College, Wye, in the spring and summer of 1912, some in the 
ordinary rotations and some specially for the purpose of this investigation. 
They belonged to the following species: 


Cereals: 7 
Barley Hordeum sativum (Pers.) 
Oats Avena sativa (L.) 
Maize Zea mais 
Rye Secale cereale 
Leguminous plants: 
Red Clover Trifolium pratense (L.) 
White Clover Trifolium repens (L.) - 
Lucerne Medicago sativa (L.) 
Sainfoin Onobrychis sativa (M.) 
Vetch Vicia sativa 
Field beans Vicia faba (L.); Viera vulgaris (Moench) 
Peas (field var.) Pisum arvense (L.) 
», (garden var.) Pisum sativum (L.) 
Other plants: 
Buckwheat Polygonum fagopyrum (L.) 
White mustard Brassica alba (Vis.); Sinapis alba (L.) 


They were examined at two stages of growth: in full flower and at a com- 
paratively young stage when the plants were about 8—10 ins. in height. 
The cereals, however, were examined in the grass stage only. They were 
gathered, dried and ground as finely as possible in a steel mill and only the 
part that passed through a sieve of 80 meshes per mm. was used for the work. 
Owing to the wet summer of 1912 it was found impossible to air-dry them 
sufficiently to admit of more than very coarse grinding; so recourse was had to 
oven-drying. The partially dried chopped material was placed in shallow trays 
in a large iron oven heated by means of Bunsen burners placed underneath to 
a temperature not exceeding 45°—50°. In these circumstances it is practically 
certain that the injurious effects of the increased temperature on the enzymes 
present would be a minimum. It is well known that diastase can withstand 
higher temperatures than this even in aqueous solution and in common with 
all enzymes can withstand much higher temperatures when in situ than when 
in solution; e.g. in plant material diastase can be heated to 80° without being 
destroyed although its hydrolysing power is somewhat impaired. Miss White 
[1909] observed that heating dry oats to a temperature of 100° for 45 hours 
was without effect on the enzymes present although they were destroyed by 
heating to 130° for one hour. The present author has observed that heating 
dry linseed cake in a steam oven to a temperature of 99° for 4 hours caused 
only a small reduction (less than 10%) in the activity of the cyanogenetic 
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enzymes present. It is true that proteoclastic enzymes are more sensitive to 
heat than is diastase particularly in solution, but both substrate and decom- 
position products exert considerable protecting action (Bayliss, Vernon). 
Moreover, the optimum temperature of animal protease is given as 40°. The 
presence of such large quantities of adsorbent material as are present in green 
plants combined with the comparative dryness would tend to make the 
enzymes still more resistant to heat; so that in all probability no more damage 
would be done than in the case of simple air-drying under glass. At the same 
time oven-drying at this temperature facilitates grinding, enabling a much 
finer powder to be obtained. 

In the case of such crops as lucerne and sainfoin which lignify rapidly very 
early in the flowering period, the main woody stems were rejected and only 
the leaves, flowers and smaller and younger twigs retained. 

Owing to the bulkiness and comparatively small proteoclastic activity of 
the plant material and the dark colour of the extracts considerable difficulty 
was experienced in devising a method for estimating any enzymic activity 
there might be. 

The method followed by Vines was first tried. This consists in detecting 
the presence of tryptophan (a frequent product of tryptic hydrolysis) by 
means of the violet colour produced by bromine water in the presence of a 
little HCl. The method requires considerable care and experience in its use 
before it can be used successfully even with “pure” trypsin and substrate, 
i.e. in colourless or nearly colourless solutions. In the present case the differ- 
ences in activity exhibited by the various plant materials used were insufficient 
to be detected—let alone estimated—by this method. It was, therefore, 
abandoned as a quantitative measure but was used as a qualitative test for 
proteoclastic action since in every instance the controls gave no tryptophan 
reaction. 

The method finally adopted was Sérensen’s [1908]. By this method the 
extent of protein-hydrolysis can be determined from the number of free 
carboxyl groups formed. By adding excess of formaldehyde solution the 
free amino-groups of the amino-acids produced were neutralised forming 
methylene compounds; the carboxyl! groups can then be estimated by titrating 
with N/5 Ba(OH),, using thymolphthalein as indicator. In this way the 
extent of protein-hydrolysis can be expressed by the number of cc. of N/5 
Ba(OH), used in the titration. Also on the assumption that each carboxyl- 
croup formed during the hydrolysis corresponds with one amino-group, the 
amount of hydrolysis can be stated as mg. of nitrogen, this being obtained by 
multiplying the number of cc. of V/5 Ba(OH), required by 2-8. 

In using this method two solutions are required: 

A. 0:50 g. of Grubler’s thymolphthalein dissolved in 1000 ec. of 93% 
alcohol; 

B. 50 ce. of commercial formaldehyde (40 %) + 25 ec. of absolute alcohol 
+ 10ce. of thymolphthalein solution A. N/5 Ba(OH), is run in until a faint 
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green or blue colour is obtained. This solution must be prepared fresh for 
each series of experiments. 

In practice 10 g. of the plant material + 250 cc. of distilled water which 
had been raised to 40°! + a thin layer of toluene in a tightly corked flask 
served as a control. 

10 g. of plant material + 5 g. of Witte’s peptone + 250 cc. of water at 
40°! + a thin layer of toluene; and 10 ¢. of plant material + 3 ¢. of leeumin 
+ 250 cc. of water at 40°! + a thin layer of toluene served as the experimental 
liquids. All three were contained in tightly corked flasks and were kept in 
an incubator at 37° for three days*. At the end of that time they were filtered 
as rapidly as possible, and the residues were thoroughly washed with cold water 
until the volume of the filtrate and washings from each was 400 ce. Prelimi- 
nary experiments had shown that all amino-acids were washed out when the 
filtrate and washings occupied this volume. A tenth, 7.e. 40 cc., of each filtrate 
was then transferred to a flask, decolorised as far as possible by shaking with 
alumina cream%, filtered and the residue thoroughly washed. To the 
filtrate and washings from the control was added 15 cc. of solution B 
and N/5 Ba(OH), run in until a distinct blue or green colour* was obtained. 
The other filtrates were then treated in the same way, V/5 Ba(OH), being 
added to them until their tint matched that of the control solution. To the 
actual readings of Ba(OH), used a correction had to be applied to allow for 
the amount of V/5 Ba(OH), absorbed by the undecomposed protein, 7.e. 
either legumin or peptone, left in the solution. 

The results obtained for the action of 10 g. of plant material on 5 ge. 
Witte’s peptone during 3 days’ incubation at 37° are given in Table I, A. 

A consideration of the results given in Table I, A, indicates that a protease 
capable of splitting up Witte’s peptone into simple amino-acids is present in 
all the plants examined. The peptoclastic activity varies with the nature of 
the plant but is an individual rather than a generic character. Thus, contrary 
to expectation, the leguminous plants examined did not on the whole possess 
greater peptoclastic power than the non-leguminous ones. The activity of the 
foliage of young peas (field variety) was found to be some 24 times that of 
young oat plants; but the leguminous plants other than peas were in no way 


1 This temperature was chosen in order that the temperature of the plant-water mixtures 
might be in the neighbourhood of 37° at the beginning of each experiment. 

2 This period was shown by preliminary experiments to be a suitable time for digestion. 
It was sufficiently long to allow a measurable amount of hydrolysis to occur but not long enough 
for the reaction to have reached its limit. 

* The alumina cream was made by gradually adding excess of ammonia solution to saturated 
alum solution with constant shaking, allowing to stand for several hours, and then filtering off 
the precipitated alumina. It is very important that this should be washed until free from NH, 
and sulphate either of which would interfere with the titration. The alumina was then shaken 
up with water until a thin cream was obtained. 

4 Blue if the original solution was colourless, green if it was yellowish or brownish. Most 
of the extracts dealt with were deep brown in colour and after shaking with alumina cream were 
slightly yellow or brownish. This did not interfere with the titration provided all three filtrates 
were of the same tint. 
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superior to the non-leguminous ones, while white mustard (a non-lezuminous 
plant) especially in the flowering stage was distinctly more active than anv 


of the other plants examined except peas. 


Table I. 


A. Witte’s Peptone'. B. Lequmin?. 
ponte ee Se ee et! ————— 
N lib. in mg. N lib. in mg. 
c.c. N/5 Ba(OH), -¢.c. V/5 Ba(OH), 
required for Percentage required for Percentage 
whole extract of peptone whole extract — of legumin 
Name of plant x 2:8 hydrolysed x 2:8 hydrolysed 
Cereals (grass stage only): 
Barley 5 Ne Arf: 128-80 18-68 30-66 5:68 
Oats ... eat oo so 78:40 11-37 18-93 3°51 , 
Maize ... nce ste Soc 103-60 15-02 37-80 7-01 : 
Rye... fh on A 109-20 ‘ 15-84 16-80 3-11 5 
Leguminous plants: 
Xed clover (young) ... Soe 135-80 19-70 24-92 4-62 : 
65 (old) yi yee Oh ne 166-60 24-16 35-28 6-54 " 
White clover (young) oan 134-40 19-49 22-68 4-20 
us (old) Pie tacds 165-20 23-96 30-24 5-61 
Lucerne (young) —... soc 85-60 12-41 21-28 3-94 
» (old) 24! WEN 158-50 22-99 25-56 474 | 
Sainfoin (young)... es 98-00 14-2] 8-93 1-65 i 
* (old) set 56 152-00 22-04 10-22 1-89 
Vetch (young) 50 ane 120-40 17-46 19-15 3°55 
ss) (Old) i.. soe ees 144-20 20-91 24-27 4-50 
Beans (young) a0 its 81-20 11-78 10-22 1-89 
am e(old) tee. see 300 102-20 14-82 15-34 2-84. 
Peas (f. var.) (young) we 196-00 28-43 38-07 7-05 
as ae (OLG)) nee, ie 236-60 34:31 50-10 9-36 
Peas (g. var.) (young) cee 140-00 20°30 39-20 1:27 
99 9 (old) ... noc 177-80 25-79 47:88 8-88 
Other plants: 
Buckwheat (young) re 89-60 12-99 7-675 1-42 
S (old) ites. as 112-56 16-32 8-50 57 
White mustard (young)... 125-20 18-16 17-92 3°32 
eA (old) os 199-40 28-92 25-56 4-74 


1 Percentage of nitrogen in Witte’s peptone = 13-79. 
2 Percentage of nitrogen in legumin = 17-97. 


The activity varies with the stage of development of the plant and is in 
every case greater at the flowering period than in the earlier ones, 

In some cases the tryptophan reaction was applied and gave positive 
results in some few instances with the plant-peptone extracts; with most of 
the plant extracts, however, as with the controls, no colour change occurred. 
It does not follow of course that no tryptophan was formed in these plant 
extracts either from the splitting up of the plant proteins themselves or from 
the added protein. In any case very little would be formed and this would 
be distributed throughout 400 ec. of liquid of which 10—20 cc. were taken 
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for the test. The absence of any tryptophan reaction is therefore quite ex- 
plicable even though some slight formation of tryptophan had occurred. 

In Table I, B, are given the results obtained for the action of 10 g. of plant 
material on 3 @. of legumin during 3 days’ incubation at 37° 

The results given in Table I, B, are interesting in view of Vines’ statement 
that out of a very large number of leaves examined by him only those of the 
lettuce and of Phytolacca decandra would digest blood fibrin or milk caseinogen. 
All other leaves gave either a doubtful or negative result. From this he con- 
cluded that the hydrolysis of albumoses and peptones by green plants is 
related to the fact that those proteins which occur naturally in the plant are 
such as are readily digested; whereas the more resistant ones similar to fibrin 
and caseinogen (which possibly do not occur in plant tissues, but only in the 
seeds where proteinases do undoubtedly occur) are not attacked. 

The two results are, however, not altogether incompatible. Vines used 
fibrin in the form of small shreds in his experiments and relied on the appear- 
ance or, rather, the disappearance, of the fibrin after incubation as a test of 
hydrolysis. The legumin used by the present author was in the form of a 
very fine powder, the surface exposed to any proteoclastic action there might 
be would be much larger than in the former case and digestion therefore more 
rapid. The method employed for detecting the hydrolysis was also a more 
delicate one and even under these favourable conditions the hydrolysis was 
slight as compared with that of the peptone. It is doubtful whether such a 
small hydrolysis would produce any visible effect on small shreds of fibrin 
suspended in the extracts. 

That the activity indicated is enzymic in nature and not merely the result 
of imperfections in the conditions of experiment seems to be shown by the 
fact that, as with peptone, the activity is invariably greater at the flowering 
stage than at the earlier one, and the greater activity of peas is again evident 
when legumin is employed as the substrate. 

Having established the presence of proteinoclastic and peptoclastic 
enzymes in all the green plants examined it was next decided to examine one 
or two plants in detail in order to find out how the different parts of the plants 
varied as regards enzyme content. For this purpose an examination was 
made of beans, peas (field variety) and buckwheat. In this portion of the work 
the different parts of the plant were gathered separately and dried—first by 
air-drying and then 7m vacuo over sulphuric acid. 

To test the effect of germination the seeds were germinated in moist sand 
kept in a warm place, were dried as rapidly as possible in an air-oven at 
40—45°, coarsely sround and finally dried a vacuo over sulphuric acid. The 
enzymic activity was determined by Sérensen’s method as described above. 
The results are given in Table II, A and B. 

An examination of the tables shia that all parts of the plant are active 
and at all stages of growth. The activity of the leaves and seeds presents 
features of particular interest. Both the proteinoclastic and peptoclastic 
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activity of the leaves increases with increasing maturity right up to the time 
of harvesting and does not fall off, as was at first anticipated, after the flower- 
ing stage when translocation of foodstuffs from the leaves to other parts of 
the plant is taking place and during the dying off of the leaves. In this connec- 
tion it is interesting that increasing activity with increasing maturity of the 
foliage right up to the time at which the leaves begin to die off has been 
shown to hold also for the cyanogenetic enzymes present in flax foliage. 
Thus the foliage of flax in full flower has been found to be rich in both eyano- 
genetic enzyme and cyanophoric glucoside; whereas flax leaves which have 
turned brown at the edges are still as rich in enzyme some time after the 
corresponding glucoside has completely disappeared. 


Table IT. 


A. Wultte’s Peplone. B. Lequmin. 
(a 
Tub GRGE a a N lib. in mg. 
-¢.c. N/5 Ba(OH), =c.c. V/5 Ba(OH), 
required for Pereentage required for Percentage 
whole extract of peptone whole extract — of legumin 
Part of plant x 2-8 hydrolysed x 2:8 hydrolysed 
Beans: 
Leaves (plant 3-4 in. high) 81-20 11:77 10-22 1-73 
(full flower) ase 102-20 14-82 15-34 - 2°84 
3 (at harvest) vie 159-80 23-71 17:92 3°32 
Flowers... eae ae 153-40 22°25 19-18 3°56 
Seeds (ungerminated) ... 154-65 22-43 14-06 2-61 - 
» (just germinated) ... 188-20 27-29 ine /7/ Del 
> (germinated) a 230-10 33°37 14-06 2-61 
Pods aes ats Soc 139-45 20°22 10-00 1-74 
Stems eee Bae eee 93-50 13-56 14-06 2-61 
Peas (field var.): 
Leaves (plant 6-8 in. high) 196-00 28-42 38-08 7:06 
As (full flower) eat 236-60 34°32 50-96 9-45 
¥ (at harvest) See 276-10 40-04 55-44 10:38 
Flowers! iss sae 171-40 24-85 25°56 4-74 
Seeds (ungerminated) ... 120-40 17-46 24-08 4-47 
» (germinated) “ee 244-10 35-41 47-04 8-80 
Pods sis ae aac 145-00 21-03 12-60 2-34 
Stems sae ee Be 83-44 12-10 13-44 2-49 
Buckwheat: 
Leaves (v. young)... Soe 89-60 12-99 7:67 1-42 
, (full flower) iis 1255 16-32 8:95 1-66 
» (at harvest) sels 222-40 32°25 10-22 1-90 
Flowers .... this 5N6 122-60 17-79 35°78 6-64 
Seeds (ungerminated) (6 dys.) 103-40 15-00 5-18 0-96 
> (just germinated) ... 114-80 16-65 277 2°31 
» (germinated) eh 177-90 25-21 — — 


! This figure is only approximate as the pigment present interfered with the titration and 
made the end-point indeterminate. 


The effect of germination on the enzyme content is also of considerable 
interest. It would appear from the results obtained that ungerminated seeds, 
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like all other parts of the plant, are active towards Witte’s peptone and slightly 
so towards legumin. When germinated so that the young shoot is just showing 
itself a distinct increase in peptoclastic activity occurs; when the germination 
has proceeded until the shoots are one to two inches in length both the pro- 
teinoclastic and peptoclastic activity become much greater. This is shown 
best in the case of buckwheat and falls in line with Vines’ observations that 
the activity is not at once evident but is developed during the germination 
process!. 

The above investigation also throws a little light on another interesting 
point. Vines [1903] first pointed out the possibility of the proteinoclastic 
and peptoclastic enzymes of green fodder crops being of use to the animal 
during the process of digestion. He pointed out that in the case of herbivorous 
animals and especially the ruminants the vegetable food that has been eaten 
is probably placed under conditions that are altogether favourable to the action 
of the proteases which it contains, so that there is reason to believe that diges- 
tion in these animals is, in no small degree, a process of autolysis, the food 
providing at once the nutriment and the means of digesting it. It is by no 
means impossible too that the enzymes present may even assist in the diges- 
tion of any additional protein that may be fed along with the greenstuff. The 
results obtained above indicate that the peptoclastic activity of green fodder 
plants is sufficiently great to be of assistance to the animal in the digestion 
of the simpler, more easily digested, proteins, but that the proteinoclastic 
activity is much too slight to be a serious factor in the digestion of the higher 
proteins that may be present in, or fed along with, the green food. 

Whether the conditions operative in the animal’s stomach are such as 
admit of auto-digestion of proteins taking place is another matter and cannot 
be determined until we know the quantitative relationship that exists between 
the peptoclastic activity of plant proteases and the reaction of the medium in 
which they act. Attempts were made to determine this but with little or no 
success. Various aqueous extracts of the plant material were obtained and 
the action of acids and alkalies upon their peptoclastic activity was investi- 
gated. In the case of the alkalies more or less bulky precipitates were formed 
in all cases during the incubation and no consistent results could be obtained. 
This is not very surprising when it is remembered that plant extracts are very 
slightly acid in reaction. On changing the reaction of the medium the internal 
equilibrium is disturbed and the colloidal substances present are partially 
precipitated carrying some enzyme down with them. 

The whole extract is an extraordinarily complex colloidal system and even 

1 The sudden increase in peptoclastic activity that occurs in seeds during germination finds 
an interesting parallel in the case of the lipase of linseed. While a lipase is frequently found in 
many oil-bearing seeds—being especially abundant in species of Ricinus—its presence had not 
until recently been detected in linseed although many attempts have been made to find it. The 
present author, in conjunction with Dr J. V. Eyre, has succeeded in showing the presence of a 
lipase in germinated linseed and has measured its activity. It would appear to be developed during 
the germination process. 
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if no disturbing factors were introduced and it were possible to determine 
accurately the effects of acids and alkalies on the enzymic activity the results 
obtained would not necessarily correspond to those obtained when using 
“pure” enzyme preparations. All that can be deduced from these latter 
experiments is that the peptoclastic activity of plant extracts is not destroyed 
by the addition of small quantities (e.g. up to 0-05 %) of either acids or 
alkalies. But the direct action of acids or alkalies cannot be determined until 
the enzymes can be extracted in a less impure condition. This is being 
attempted, and it is hoped that a systematic study of the vegetable peptases 
may form the subject of a further communication, 
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XVI. ON THE ESTIMATION OF SUGAR 
IN BLOOD. 


By HUGH MACLEAN. 
From the Department of Pathological Chemistry, St Thomas’s Hospital. 


(Received April 15th, 1919.) 


In spite of the large numbers of determinations of blood sugar that have been 
carried out by various means in the past few years there is still need for a 
reliable and simple method. 

Much work has recently been done with the picric acid procedure in which 
the depth of colour produced is estimated by means of the colorimeter. It is, 
however, a drawback to this method that a colorimeter is not always available 
especially for clinical work. Further, it is doubtful whether this method is at 
all applicable in the case of whole blood on account of the creatinine (and 
probably other interfering substances present) which, under the conditions 
of the estimation, give a colour similar to that produced by glucose in the 
presence of picric acid. De Wesselow points out [1919] in the following paper 
that these interfering substances are always active and in the case of human 
blood may actually influence the picric acid method to such an extent that 
the result obtained may be as much as 50% too high. In plasma also the 
method appears to yield results on the high side, but here the figures obtained 
are probably accurate enough for practical purposes. 

Bang in 1913 introduced a micro-method for blood sugar determination, 
but the difficulty of completely separating the protein and the ease with which 
oxidation of the cuprous oxide took place before and during titration inter- 
fered very materially with its practical utility. 

A new application in which the tendency to oxidation of cuprous oxide 
during titration was completely overcome was introduced by the writer 
a few years ago. This method was first used in 1914 and was communi- 
cated to the Biochemical Society in autumn 1915. A few months after this 
communication was given, a method based on the same principle was pub- 
lished independently by Scales [1915] while my paper was actually in the 
press |MacLean, 1916]. This method gives excellent results and the fact 
that Bang [1918] adapted this principle to his own method speaks for itself. 
The application of the method for the estimation of blood sugar was described 
by me in the above noted publication [MacLean, 1916]. An extended use of 
the procedure, however, has resulted in various improvements and consider- 
able simplification, and it is felt that the modified method as described in 
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the present paper not only gives very reliable results, but is so simple in its 
application that it can be earried out by students and can easily be utilised 
for clinical purposes. 


PRINCIPLE OF THE Mernop. 


In estimating the sugar in blood it is first necessary to separate the protein 
very completely. For this purpose various procedures were tried, but the 
use of dialysed iron in conjunction with heat coagulation gave the best 
results. In the new method the blood is heated in an acid saline solution and 
the greater part of the protein separated by coagulation. Any remaining 
traces of protein are removed by the addition of a small amount of dialysed 
iron. After cooling, the mixture is filtered and a perfectly clear protein-free 
filtrate obtained. The sugar in an aliquot part of this filtrate is estimated by 
boiling the liquid with an alkaline copper solution containing potassium 
iodate and iodide. After boiling, the solution containing the reduced cuprous 
oxide in suspension is cooled and treated with a slight excess of hydrochloric 
acid. This interacts with the potassium iodate and iodide liberating iodine 
equivalent to the amount of potassium iodate in the solution. At the same 
time the cuprous oxide is dissolved and cuprous chloride formed. A solution 
of the latter is very unstable and liable to oxidation, but this is prevented by 
the fact that free iodine is present with which it immediately reacts. Since 
the cuprous oxide present in the mixture at an earlier stage is not in solution 
but in suspension, no oxidation takes place during the preliminary cooling. 
During the boiling, any air present in the solution is driven oft before the 
sugar has time to reduce the copper to any appreciable extent; also the flask 
is full of steam during this time so that no oxidation from air oxygen need 
be feared. 

The amount of sugar present in the solution is calculated by ascertaining 
the amount of iodine used up as fully described later. 

The only point in the method that requires special care is the regulation 
of the flame used to boil the sugar and alkaline copper solution. The tables 
given in this paper are worked out for a flame which brings the amounts of 
solution specified later to the boil in as nearly as possible one minute forty 
seconds. In this time the boiling should be fully established; often some 
bubbles come off 10 seconds or so before the boiling becomes brisk, but it is 
usually quite easy to ascertain the point of complete boiling to within a few 
seconds. For clinical purposes a rough preliminary standardisation of the 
flame is all that is required, but for very accurate work the use of a small 
manometer is necessary. When care is taken to follow the directions given 
the results obtained vary only within the limits of the ordinary experimental 
error of manipulation which of course is a personal factor. With pure solutions 
of glucose successive identical readings are obtained with monotonous regu- 
larity if the conditions are carefully observed. With blood also duplicate 
experiments yield practically identical figures (see below). 
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One detail in the method requires some comment. When hydrochloric 
acid is added to the boiled mixture of alkaline copper solution and cuprous 
oxide the acid reacts with the carbonates present and effervescence takes 
place. Since free iodine is present at this stage it might be expected that this 
effervescence would result in driving off some of the iodine. That this may be 
the case to some infinitesimal extent is probable, but I have satisfied myself 
that when ordinary care is taken not to agitate the mixture too vigorously 
until the effervescence passes over no appreciable amount of iodine capable 
of estimation is lost. This probably depends on the extreme dilution of the 
iodine solution. 

For blood sugar determinations the method is applicable to 1 cc. or smaller 
amounts and descriptions of the procedure for estimating sugar in | cc. and 
in 0-2 cc. of blood respectively are given here. The use of such a small amount 
as 0-2 cc. blood has various advantages, since this amount can be easily 
obtained from the finger. For | cc. it is necessary to insert a needle into a 
vein of the arm, and if observations are required at frequent intervals this 
procedure becomes difficult for obvious reasons. On the other hand, quantities 
of 0-2 ec. blood can be obtained from the ear or finger as often as may be 
required. 

In all blood sugar estimations it is important to remember that glycolysis 
is often very active especially for a short time after the blood is drawn; for 
this reason the specimen should be immediately measured and added to the 
coagulating mixture described and, if convenient, heated at once. By this 
means glycolysis is completely prevented. After standing for two hours at 
room temperature the amount of sugar present in the specimen may be less 
than half its original sugar content. Since the method of obtaining 0-2 cc. 
blood described later allows of almost immediate mixing of the blood and 
coagulating fluid, the use of this small amount has an additional advantage. 

Detailed instructions for the preparation of the various solutions required 
are given below. An objection urged against the method was the difficulty 
of preparing an accurate N/10 thiosulphate solution, but this difficulty no 
longer exists since standardisation against potassium bichromate is now used. 


SOLUTIONS REQUIRED FOR | cc. METHOD AND THEIR PREPARATION}. 


The solutions required have the following composition and are prepared 
according to the directions given. 


A. Solutions for removing protein from blood. 
No. 1. An acidified sodium sulphate solution. 
Sodium sulphate (pure) 150 g. 


Glacial acetic acid 3 ce. 
Distilled water to 1000 ec. 


1 All these solutions may be obtained ready for use from the British Drug Houses, Graham 
Street, London. 


10—2 
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Solution should be filtered through a starch-free filter paper (Whatman 
No. 1), 

No. 2. Dialysed tron solution. 

This solution should be about B.P. strength and well dialysed. The 
majority of the samples on the market are practically not dialysed at all and 
contain very large amounts of chlorides. A suitable preparation is stocked 
by the British drug houses under the term “Dialysed iron B.D.H.” 

B. Solutions for estimating sugar in filtrate. 


No. 3. Alkaline copper iodide solution. 


Potassium bicarbonate 204,78: 
Potassium carbonate (anhydrous) 15 _ ,, 
Copper sulphate crystals Uy MAP 
Potassium iodate Olly. 
Potassium iodide ae 
Distilled water to 100 _— ce. 


In making up the solution 20 g. of potassium bicarbonate are dissolved by 
gentle heating in 60 to 70 cc. of distilled water. The heating must be very 
carefully done and the temperature of the mixture should not exceed 37°. 
The potassium carbonate is then added. The copper sulphate is dissolved in 
a separate beaker in a few cc. of water and added to the mixture of carbonates 
without waiting for the potassium carbonate to dissolve completely. After 
the resulting effervescence has passed over, the complete solution of any re- 
maining carbonate is accomplished by heating. The iodate and iodide are 
next added, the solution thoroughly shaken and made up to 100 cc. After 
filtering through a starch-free paper (No. 1 Whatman paper) it is ready for 
use. The solution keeps indefinitely. The copper sulphate and potassium 
iodate must be weighed with great care. The other ingredients need not be 
so carefully measured. 

This solution must be standardised as regards its iodine content by taking 
exactly 3 ec. of the mixture and adding this to 10 cc. of the 15 % sodium 
sulphate acetic acid solution used for deproteinising the blood. To this mixture 
10 cc. of 20 % hydrochloric acid are added. The flask is very gently agitated 
until effervescence passes over and then more strongly agitated for | minute. 
A solution of N/100 sodium thiosulphate is run in until the yellow colour of 
the iodine has almost completely disappeared. Two drops of starch solution 
are then added and the titration proceeded with until the blue colour dis- 
appears. The number of cc. of thiosulphate used up gives the equivalent of 
iodine liberated from the mixture and should be recorded on the bottle. For 
3 ce. copper iodide solution about 8-8 cc. of V/100 thiosulphate are required. 
The exact figure obtained depends to some extent on the purity of the samples 
of iodate and iodide used, but variations due to this should be very slight. 
The samples used in my work give exactly 8-82 cc. thiosulphate = 3 ce. 
copper solution. 
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No. 4. (N/10 thiosulphate solution.) 


Though sodium thiosulphate crystals can be obtained in a state of great 
purity it is generally stated that the salt cannot be weighed directly for the 
purpose of making a standard solution owing to the possibility of water or 
air being held within the crystals. This difficulty may be avoided by treating 
the finely ground crystals with pure alcohol and then with ether and finally 
drying at room temperature. This manipulation, however, is tedious and 
there is always some slight risk that the crystals may not have been dried in 
air for a sufficiently long time to give an ultimate product containing the 
correct amount of water of crystallisation. The preparation of an accurate 
iodine solution for standardisation by weighing the iodine is also a tedious pro- 
cedure. To avoid all these difficulties, the sodium thiosulphate solution used 
for this method is prepared by standardising against an N/10 solution of 
potassium bichromate. In preparing the V/10 thiosulphate a solution of V/10 
potassium bichromate is first prepared by dissolving 4-913 g. of the pure dried 
salt in distilled water and making up the volume to 1000 ce. 

The distilled water used for the thiosulphate solution should be boiled 
immediately before use to get rid of traces of CO,. About 26 g. of pure sodium 
thiosulphate crystals are dissolved in about 1000 ce. of the cooled, boiled out 
water. To estimate the strength of this solution 20 cc. of V/10 bichromate 
are mixed in a flask with 10 ce. of 10 % potassium iodide and 5 cc. of strong 
hydrochloric acid. On shaking slightly the reaction is complete and exactly 
0-254 g. iodine is liberated. The thiosulphate solution is run in from a burette 
until the brownish yellow colour has almost disappeared. One or two drops 
of a starch solution are then added and the titration continued until the 
liquid passes from a dirty dark yellow to a bright green colour. The end point is 
very sharp and cannot be mistaken. The number of cc. of thiosulphate used 
up indicates the strength of the thiosulphate solution. Since, however, all 
samples of potassium iodide contain traces of iodates, the iodide solution 
alone without bichromate will yield a very small amount of iodine in the 
presence of acid. This must be allowed for by making a blank experiment with 
10 ce. potassium iodide and 5 cc. hydrochloric acid and titrating with thio- 
sulphate as before. Not more than 0-1 to 0-2 cc. of thiosulphate should be 
used up. This must be subtracted from the result obtained with the bichrom- 
ate. If say 18-7 cc. thiosulphate were required and the potassium iodide gave a 
blank of 0-2 cc., then the amount of thiosulphate solution required to combine 
with 0-2 g. of iodine would be 18-7 — 0-2 = 18-5 cc. This means that to obtain 
an N/10 solution each 18-5 cc. must be diluted to 20 cc., or that a litre will 
contain 925 cc. of the solution. To complete the procedure 75 cc. of boiled-out 
water are introduced into a 1000 cc. measuring flask from a burette and the 
volume made up to 1000 cc. with the thiosulphate solution. This gives an 
accurate N/10 solution which may be tested against 20 cc. of bichromate as 
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described, The solution will keep for at least several months if preserved in 
a well stoppered coloured bottle in the dark. 

To prepare an V/100 solution 20 ce. of the V/10 solution are made up to 
200 ce. in a measuring flask with distilled water. This weak solution is liable 
to deteriorate and should be made up fresh every few days. It is important 
to remember that burettes in which thiosulphate solutions are kept must be 
cleaned at frequent intervals with a solution of sulphuric acid and bichromate. 


No. 5. Starch solution. 


? 


starch in 100 ce. 
distilled water. The solution should be freshly made up though an old solution 
can be used with success. 


This is prepared by dissolving about 1 g. of ‘soluble’ 


No. 6. 20% hydrochloric acid solution. 


Prepared by diluting 20cc. of concentrated hydrochloric (B.P. Sp. gr. 
1-16) with distilled water to 100 ce. 


STANDARDISING OF HEATING. 


This can be very easily accomplished by interposing a small manometer 
between the gas tap and the burner. A suitable manometer has already been 
described by Cole [1914], but since the question of temperature is so important, 
a rough sketch of the most suitable heating and regulating arrangement is 
given here (Fig. 1). If a suitable manometer is not to hand it is very easy 
to extemporise one, for all that is required is a T-piece with two pieces of bent 
glass. These can be connected by means of rubber tubing and are quite as 
effective as if the whole were in one part. A piece of rubber tubing passing 
through a screw clip connects the one end of the T-piece with the gas supply, 
while the other end is connected with the bunsen burner. The burner should 
have a small chimney to protect the flame. From { to $ inch above this, a 
ring with ordinary wire gauze is supported, on which the flask is boiled. The 
gauze must be separated by an interval from the chimney, otherwise the gas 
will not burn properly. When a suitable flame is determined the position at 
which the cover of the air inlet cuts the side of the hole in the inner side of the 
bunsen is marked with a file, as indicated in the diagram, so that the same 
amount of air can always be admitted by adjusting to this mark. Before 
proceeding to find a suitable strength of flame, some coloured fluid is put in 
to the manometer through the open end by means of a capillary pipette; the 
upper surface of this fluid in both tubes is then indicated by a line on a white 
card placed behind the manometer or by marks on the two tubes of the mano- 
meter itself. When this is done the gas is turned full on, the screw closed 
down somewhat, and a trial made by placing a conical Erlenmeyer flask con- 
taining 23 cc. of sodium sulphate acetic acid solution over the flame. The 
fluid should be first cooled (or warmed) to 20°C. After a few trials, a flame 
is easily found which will bring the solution to vigorous boiling in about 
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1 minute 40 seconds. This is then controlled by taking 20 cc. of above sodium 
sulphate solution to which are added 3 cc. of the alkaline copper iodine solu- 
tion and testing as before. In each case, of course, the adjustment of the 
flame is brought about by loosening or tightening the screw clip. When a 
strength of flame is found that brings the mixture to distinct boiling in about 
1 minute 40 seconds to 1 minute 45 seconds, the position of the fluid in both 
limbs of the manometer is marked (see Fig. 1) either by ink on the glass or on 
a white card behind, or the difference of level read off and noted. The regu- 
lating mechanism is now complete, and whenever it is required at a future 
time all that is necessary is to adjust the gas pressure by means of the screw 
until the upper surfaces of the coloured liquid stand at the marks indicated. 
After some time it will be necessary to add more fluid to compensate for 
slight losses due to evaporation. 


The gas pressure in this laboratory varies considerably on some days, 
while on others it remains practically constant for hours. During carefui 
experiments the manometer must be watched and if a change of pressure 
occurs the necessary adjustment must be made by means of the screw clip. 


I. Dertatts oF METHOD WHEN 1 cc. OF BLOOD IS USED. 


Coagulation of protein. 


_Exactly 26 cc. of acid sodium sulphate solution are run into a small 
Erlenmeyer flask from a burette. The flask is fitted with a rubber stopper 
through which passes a glass tube terminating in a capillary point. Blood is 
drawn from a vein into a test tube containing a small amount of finely ground 
potassium oxalate and the tube inverted a few times. One cubic centimetre 
of the blood is measured in a special pipette made by Hawksley “to contain” 
1 ec. The blood is allowed to flow out on to the surface of the fluid in the 
flask. Any blood adhering to the pipette is then washed out by alternately 
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sucking up and blowing out several times some of the sodium sulphate solu- 
tion. If the blood is delivered carefully at one side of the flask to begin with, 
it floats more or less on the surface, leaving the fluid in the other parts of the 
flask almost clear. If care is taken, the pipette can be washed out with prac- 
tically blood-free fluid, so that every trace of blood can be delivered. The 
special stopper with glass tube is now placed firmly in the flask and the mixture 
heated over a free flame until a bubble or two just appear indicating that the 
fluid is approaching the boiling point. At this point the flask should be re- 
moved. It is then shaken by a circular motion and allowed to stand for one 
or two minutes. The stopper is then carefully loosened and withdrawn 
sufficiently to allow the entry of the point of a pipette containing 3 cc. dialysed 
iron. This iron is added, the flask being shaken gently all the time. It is then 
shaken two or three times taking care that any drops of fluid in the neighbour- 
hood of the stopper or neck of the flask are washed into the general contents. 
The flask is then cooled under the tap and the mixture is ready for filtration. 

Practically no fluid is lost by coagulating the mixture over the free flame 
since the small capillary tube does not permit of the escape of much steam 
while the expanded air makes its exit. Indeed the upper part of the flask 
remains sufficiently cool to condense steam until the liquid is almost boiling. 
Even if a little steam does pass into the tube, it condenses there and is sucked 
back into the flask when air is drawn in on cooling. The large volume of fluid 
used also minimises any effect of possible loss of traces of moisture by this 
method. 

Filtration. 


The contents of the flask are now filtered through a 9 cm. Whatman No. 1 
filter paper (W. & R. Balston). This paper is starch-free and I have always 
found it most suitable for this purpose. Filtration is allowed to proceed until 
the whole of the liquid has passed through the filter paper; this requires 
about 6 or 7 minutes. From 23 to 24 cc. of filtrate are obtained. Of this 
20 ec. are taken if the blood is from a normal person and likely to contain 
an average amount of sugar. In the case of diabetics, or if glycosuria is present, 
10 ce. filtrate is sufficient. In the latter case the total is made up to 20 ce. by 
the addition of 10 ec. acid sodium sulphate mixture. These amounts are 
measured into a small conical Erlenmeyer flask of hard heat-resisting glass. 
To this exactly 3 cc. of the copper iodide solution is added and the mixture 
heated. 


Heating blood filtrate containing alkaline copper solution. 


Over a flame suitably adjusted as already described to bring the 23 cc. of 
liquid to boiling in about 1 minute 40 seconds the solution is boiled for exactly 
6 minutes from the point at which distinct boiling begins. The flask is then 
removed and either cooled under the tap, or plunged up to its neck into a 
large volume of cold water in the sink and kept there for about | minute. 
Thorough cooling is essential and must always be carefully carried out. 


ee 
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Treatment of boiled solution. 


To the cooled solution are now added carefully with a pipette 10 cc. of 
20 % hydrochloric acid and the flask very gently agitated at intervals until the 
effervescence passes over. From this point it is left to stand for about 1 minute 
or a little more, being shaken with a strong circular motion every few seconds. 
At the end of this time N/100 thiosulphate is run in from a burette and the 
solution titrated until the yellow colour almost disappears. Two drops of 
1 % starch solution are now added and the titration completed. As already 
stated it is perhaps best not to add the starch at the beginning of titration 
for there is no doubt that the end point is more distinct if done as indicated 
here. When carried out in this way, the end point is exceedingly sharp and 
it is quite impossible for anyone to be more than one drop out. After the titra- 
tion is finished there is a tendency for the blue colour to return as is usually 
the case in such solutions, but since this does not happen for several minutes 
it in no way interferes with the titration. 


Calculation of result. 


Suppose the blood filtrate as treated above requires 6-69 cc. N/100 thio- 
sulphate and 3 cc. of the copper solution alone requires 8-85 cc., then the 
difference between 8-85 and 6-69 = 2-16 cc. must be due to the iodine absorbed 
by the cuprous chloride formed. Now from Table | it is seen that 2-16 cc. N/100 
thiosulphate = 0-6 mg. sugar. Since the amount of filtrate taken corresponds 
to 2 of 1 ce. of blood, it is obvious that 1 cc. blood contains 0-9 mg. sugar or 
that 100 cc. of blood contains 0-09 g. of sugar. 


Table I. 
(For estimation of sugar in | cc. blood.) 


Showing equivalent of glucose to N/100 thiosulphate solution. 


N/100 N/100 

Glucose _ thiosulphate Glucose  thiosulphate 
mg. c.c. mg. c.c. 
0-2 0:55 1-2 4°36 
0:3 0:95 1:3 4-71 
0-4 1-34 1-4 5:07 
0-5 1-76 1°5 5:42 
0-6 2-16 1:6 5:78 
0-7 2-52 1:7 6-13 
0:8 2-88 1-8 6:49 
0-9 3:27 1:9 6-84 
1-0 3°65 2:0 7:20 
1-1 4-00 


That the method gives very consistent results is obvious from the following 
ficures obtained on duplicates in six different specimens of blood. Three of 
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these experiments were carried out on fresh blood, while the others were done 
on specimens which had stood in the laboratory from 3 to 24 hours. 


Fresh bloods After standing for some hours 


a 


No. 1 No. 2 No. 3 No. 4 “No. 5 No. 6 
0-096 % 0-102 % 0-089 % 0-059 % 0-048 % 0-030 % 
0-098 % 0-108 % 0-086 % 0-066 %, 0-046 % 0-030 % 


Il. Merruop ror Estimatina SuGar In 0:2 cc. BLoop. 


The practical advantages of using a small amount of blood have already 
been discussed and since the manipulation here is quite as simple as is the 
case when | ce. of blood is used, this “micro-method” should prove very 
useful from the clinical standpoint. This method was partly worked out in 
1915, but at the time I was unable to complete it. If the conditions given 
here are carefully observed, the results obtained are of the same order of 
accuracy as those in the above method and in spite of the fact that such a 
small quantity of blood is used no delicate manipulation is required. For this 
method the following solutions are required. Some of them are similar to 
those used for the 1 cc. procedure while others are considerably modified. 


A. Solutions for coagulating blood. 


Nos d. 
Sodium sulphate 150 g. 
Glacial acetic acid? 1 ce. 
Distilled water to 1000 ee. 
No. 2. 


Dialysed iron solution “ Dialysed iron B.D.H.” 


B. Solutions for estimating sugar in filtrate. 


Nowe: 
Potassium bicarbonate PR i te 
Potassium carbonate (anhyd.) 8 _ ,, 
Copper sulphate crystals 0-35 ,, 
Potassium iodate 0-05 ,, 
Potassium iodide OD 55 
Distilled water to 100 ee. 


This is prepared as described under the 1 cc. blood method. It is standard- 
ised by taking 2 ce. in 10 ce. acid sodium sulphate solution and adding 2 ce. 
75 % HCl. One minute after effervescence is completed and after the mixture 
has been thoroughly shaken it is titrated as already described with N/400 
thiosulphate. 2 cc. of this copper solution should require about 11-05 ce. 
N/400 thiosulphate. 


' The acetic acid should not be added until the solution is required for use. 


THE ESTIMATION OF SUGAR IN BLOOD 145 


No. 4. 


An N/400 sodium thiosulphate solution is prepared from a N/10 solution 
by adding 5 ce. of the latter to some distilled water in a flask and making up 
to 200 ce. 

No. 5. 


A solution of “soluble starch” of about 1 % strength. 


No. 6. 
75% HCl solution made by diluting 75 cc. concentrated HCl (B.P. Sp. 
gr. 1-16) to 100 cc. with distilled water. 


DETAILS OF METHOD USING 0:2 cc. BLOOD. 


The blood is obtained directly from a finger or from the ear. To measure 
and collect the blood a special pipette! is used (Fig. 2), which 
is shaped so that blood flows in from a slight puncture. If the 
finger is used it is rubbed with a little ether and thoroughly dried 
with a cloth. A piece of rubber tubing is then wound round 
the upper part to cause congestion towards the point and a prick 
is made with a needle on the back of the finger a little above the 
root of the nail. The point of the pipette is placed in contact 
with the side of the drop, when the blood immediately flows in. 
The pipette is then held horizontally or with the distal end 
somewhat inclined downwards, so that the passage of the blood 
into the pipette is helped by gravity. When the blood reaches the 
mark the pipette is removed and any blood that may remain on 
the point is carefully wiped away. If the pipette contains too 
much blood the necessary adjustment is made by gently tapping 
the point against the thumb nail when a very little blood will 
escape. If the skin and pipette are clean there is never any 
difficulty in obtaining the blood, and no particular speed is 
necessary. Indeed, if the first prick of the needle does not furnish 
enough blood, the rubber tube may be removed and again wound 
on and the operation repeated as often as three times or more 
without any fear of coagulation taking place. Sometimes it may 
be necessary to squeeze the finger, but since this does not appear 
to interfere with the result there is no objection to doing so. If 
the hand is cold it should be placed in hot water for a short 
time before taking the blood; also, the limb should be held in 
a hanging position for a few seconds before applying the rubber 
tube. 

The one important point to be observed in using the method 
is that the pipette should be kept scrupulously clean; if any trace 
of greasy material is present on the inner surface the blood 


0: 2cc. 


Fig: 2. 


1 This pipette can be obtained from Hawksley & Sons, 357, Oxford Street, London. 
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will not flow. It is, therefore, most important that after each experiment 
the pipette should be washed out with a hot mixture of sulphuric acid and 
potassium bichromate. After thorough treatment with this mixture the pipette 
is washed out with distilled water followed by alcohol and ether and then 
dried. Personally, after each experiment I place the pipette in a test tube 
containing the bichromate mixture and let it stand there until it is again 
required when it is treated as described. When these precautions are taken 
there is never any difficulty in getting the blood. 


Separation of protein from blood dnd estimation of sugar. 


From a burette 23-8 cc. of acid sodium sulphate solution are introduced 
into a conical Erlenmeyer flask of heat-resisting glass. To this the 0-2 ce. 
blood is added and the pipette thoroughly washed out by alternately sucking 
in and blowing out the mixture. The blood is then heated and treated exactly 
as in the | ce. method, only that 1 ce. of dialysed iron is added instead of 
3cc. This gives a total volume of 25 cc. After cooling and filtering through 
a 9em. Whatman filter paper No. 1, 20 cc. of the filtrate are taken for the 
estimation of the sugar. In filtering, the process must be allowed to go on 
until all the material has passed through the filter since only about 21 to 
21-5 ce. can be obtained altogether. In diabetic cases 10 cc. of the filtrate are 
taken and made up to 20 ce. with acid sodium sulphate solution. 

To this filtrate are added 2 cc. (carefully measured) of the alkaline copper 
solution and boiling is carried out exactly as before for 6 minutes using a 
flame that brings the solution to brisk boiling in about 1 minute 40 seconds. . 
It is then cooled thoroughly, 2 ec. of 75 % HCl added and the further treat- 
ment carried out exactly as described for the 1 cc. method except that N/400 
thiosulphate is used for titration. The end point even with this dilute thio- 
sulphate is perfectly distinct and gives no trouble whatever. The number of ce. 
of thiosulphate used is then subtracted from the number used by 2 cc. of copper 
solution alone, and the percentage of sugar in the blood is then calculated 
from Table II. Thus, if the reading obtained on titration was 8-98 cc. thio- 
sulphate and if 2 cc. copper solution alone gives 11-05 cc., the difference 
(2-07 cc.) would represent the sugar present. From the table it is seen that 
2-07 cc. thiosulphate = 0-18 mg. sugar: therefore 4 (the aliquot part of filtra e 


taken) of 0-2 cc. blood contains 0-18 mg. glucose. 1 cc. of blood will therefore 
contain x ; x : x — mg. glucose = 1-12 mg. = 0-112 %. 

This “micro-method” gives excellent results with duplicates as the fol 
lowing numbers show. In blood from the finger the average sugar percentage 
appears to be somewhat higher than in blood taken from a vein. On an 
average 0-11 % may be taken to represent the normal. This is probably 
dependent on the fact that a good deal of the finger blood is capillary in origin 


and thus differs from the venous sample. 
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(For estimation of sugar in 0-2 cc. blood.) 


Showing equivalent of glucose to N/400 sodium thiosulphate solution. 


N/400 N/400 
Thiosulphate Thiosulphate 
Glucose ce. Glucose ce. 
0:03 0-12 0-22 2-61 
0-04 0:25 0:23 2°74 
0-05 0:38 0-24 2°86 
0:06 0-50 0:25 2-99 
0-07 0-62 0-26 3-11 
0-08 0-73 0:27 3°24 
0-09 0-86 0-28 3°36 
0-10 0-99 0-29 3°49 
0-11 1:13 0-30 3-61 
0-12 1-26 0-31 3°74 
0-13 1:39 0:32 3:87 
0-14 1-53 0:33 3:99 
0-15 1:67 0-34. 4-12 
0-16 1:80 0-35 4-24 
0-17 1-94 0:36 4-37 
0-18 2-07 0:37 4-49 
0-19 2:22 0°38 4-62 
0:20 2-35 0-39 4-74 
0-21 2-49 0-40 4-87 


Results of duplicate experiments on blood. 


No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
O27 o; 0:127 % 0-114 % 0-079 % 0-066 °% 0-041 96 
0-116 % 0-126 % 0-119 % 0-084 % 0-069 °% 0-038 % 


The first three samples were obtained from the finger, one sample being 
taken immediately after the other. The very close results obtained indicate 
the accuracy of the method. Experiments 4, 5 and 6 were done on three 
different bloods obtained from a vein; they had stood in the laboratory for 
varying periods, hence the low results. 

The question of the apparent difference in sugar content between capillary 
and venous blood is at present being investigated; also the effect of different 
food stuffs and starvation on the blood sugar. 


SUMMARY. 


A simple method is described by which an accurate estimation of the sugar 
present in | cc. and in 0-2 ce. of blood may be estimated. The method requires 
careful standardisation of the heating, but otherwise no special care is 
necessary. With pure glucose solutions theoretical results are obtained and 
in blood the duplicates always agree within very narrow limits, 
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XVI. THE PICRIC ACID METHOD FOR Ti 
ESTIMATION OF SUGAR IN BLOOD AND 
A COMPARISON OF THIS METHOD WITH 
THAT OF MACLEAN. 


By OWEN LAMBERT VAUGHAN DE WESSELOW. 
From the Department of Pathological Chenastry, St Thomas's Hospital. 


(Received April 16th, 1919.) 


Tue colorimetric method for the estimation of sugar in the blood as originally 
introduced by Lewis and Benedict [1915] has recently been modified by 
Benedict [1918], and considerably simplified. Addis and Shevky [1918], 
writing previous to the publication of Benedict’s paper, have pointed out that 
the colour produced by the picric-sugar reaction is not strictly proportional 
in intensity to the amount of sugar present. Lewis and Benedict in their 
original paper state that in estimating pure sugar solutions absolutely exact 
results were obtained, using different amounts of sugar against the same 
standard, but the work of Addis and Shevky would appear to negative this 
conclusion. That the latter observers are correct in their statement admits 
of no doubt and this difference was observed by me before I knew of their 
paper. Addis and Shevky ascertained that the nearest approach to an exact 
proportion between intensity of colour produced and amount of sugar present 
was obtained when an amount of sodium carbonate sufficient to give a con- 
centration of 10 % was present, and the heating was continued for 45 minutes 
at 100°. Such conditions are not realised in Benedict’s modification and in 
estimations of pure sugar solutions by this method a considerable error is in 
fact found. In the estimation of sugar in normal bloods, however, the direct 
error would be of no great magnitude since the sugar content of such bloods 
approaches closely to that of the standard. 

The second possible source of error, the presence of interfering substances 
in the blood, was also dealt with by Addis and Shevky. They prepared large 
amounts of filtrates from hyperglycaemic bloods, and, comparing the curves 
obtained from these under different conditions of alkali concentration and 
temperature with those obtained from dextrose solutions, came to the con- 
clusion that no interfering substances were present. In these experiments, 
however, the heating appears to have been prolonged for 45 minutes, no 
readings having been carried out during the very early stages of the heating. 
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Benedict replying to the verbal criticism that the picric acid method 
yields too high results for blood owing to colour production by non-carbo- 
hydrate substances gives figures for five samples of dog’s blood, tested by the 
picric acid method before and after treatment of the blood with mercuric 
nitrate. In two of these samples the apparent sugar content fell after treat- 
ment with mercuric nitrate by 19 % and 21 % respectively. 

In view of the above possibilities of error in the Benedict method a direct 
comparison with another method of sugar estimation—that of MacLean 
[1916, 1919]—appeared advisable. The directions of Benedict were exactly 
followed, a sugar standard freshly prepared from Kahlbaum’s pure glucose 
being used. On comparing the results obtained in human blood it was found 
that the Benedict method invariably gave a considerably higher percentage 
of sugar than that of MacLean. Since Lewis and Benedict [1915] in their 
original paper noted that haemolysis previous to the addition of the picric 
solution raised considerably the estimated percentage of sugar, the sugar of 


. the whole blood and of the plasma was estimated in a series of human bloods 


by both methods with the following results. 


Whole blood. Sugar % Plasma. Sugar % 
No. Benedict MacLean Benedict MacLean 
(1) 0-114 0-089 0-103 0-099 
(2) 0-137 0-104 0.118 0-113 
(3) 0-130 0-081 0-112 0-090 
(4) 0-176 0-139 0-167 0-147 
(5) 0-155 0-092 Py Wellies? 0-102 
(6) 0-132 0-082 0-114 0-090 
(7) 0-157 0-099 0-135 0-110 
(8) 0-100 0-067 0-069 0-070 


It appears that the sugar content of the whole blood as estimated by the 
Benedict method is always considerably higher than the result given by the 
method of MacLean—the excess averaging about 45 % of the sugar present. 
On the other hand the Benedict results for plasma approximate closely to 
those obtained by the MacLean method, the excess amounting on an average 
to about 12%. While by the MacLean method, the whole blood shows a 
slightly lower sugar content than the plasma, the Benedict estimation shows 
a very considerable excess of sugar in the whole blood as compared with the 
plasma. The difference between the results of the two methods is brought out 
more strongly if the blood is centrifuged or allowed to sediment in the ice 
chest and the plasma and corpuscular layers investigated separately. 


Plasma. Sugar % Corpuscles. Sugar % 
——— ——— = ~ 
No. Benedict MacLean Benedict MacLean 
(1) 0-108 0-082 0-143 0-064 
(2) 0-092 0-079 0-129 0-057 
(3) 0-080 0-082 0-113 0-062 


Under these conditions while the plasma gives an excess of sugar of 12 % by 
the Benedict method, the sediment richly laden with corpuscles shows an 
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average excess of no less than 66 °% over the MacLean method. Again, the 
portion of the blood containing the corpuscles gives a considerably higher 
figure for sugar than the plasma, while with the method of MacLean, as might 
be expected from the greater solid content of the corpuscles, less sugar is 
found in the corpuscular sediment than in the plasma, It should be noted 
that the figures obtained above do not necessarily represent the original con 
tent of sugar in the blood, for several of the specimens had stood in the labora 
tory for some time before the estimation was carried out. 

These results appeared to suggest the presence of an interfering substance 
in the corpuscles giving a colour reaction with picric acid and raising the 
supposed sugar content of the whole blood. To some extent they paralle 
the results obtained by Hunter and Campbell [1917] in creatinine estimations 
by the Folin method. 

A consideration of the very different results obtained by the two methods 
in whole blood or in blood corpuscles indicates that one of the methods must 
give entirely fallacious results. I, for purposes of argument, we assume tha* 
the error lies in MacLean’s method we are forced to accept the extraordinary 
view that blood corpuscles contain some substance which prevents the sugar 
present from reducing its equivalent amount of copper when heated in 
alkaline copper solution. That such’a view is untenable is proved by the fact 
that in the case of blood which has been incubated for a period sufficiently 
long to allow glycolysis to destroy all the sugar present, any sugar which is 
added can be recovered quantitatively. If the blood corpuscles contained a 
substance which interfered with this method, it is difficult to understand why 
they should not prevent the added sugar from reacting in the normal way. 
On the other hand a blood so treated gives by Benedict’s method a greater 
percentage of sugar than has been added. Instead of giving values of too low 
an order, it is highly probable that MacLean’s method tends if anything to 
yield results slightly on the high side, and the different values obtained in 
the two methods cannot be explained on the supposition that MacLean’s 
method really gives low results. 

To prove however that Benedict’s results are too high, experiments were 
carried out to determine whether any direct evidence of the presence of inter- 
fering substances could be found in the blood. 

If the whole colour reaction was due to sugar, identical readings against 
a standard sugar solution should be obtained at any stage of the reaction. To 
test this point samples of the same blood filtrate were heated with a sugar 
standard for short periods of time, cooled, and rapidly read on the colorimeter. 
The standards contained as nearly as possible the same amount of blood sugar 
as the filtrates. Samples of plasma and sedimentated corpuscles were also 
examined. The concentrations of picric acid and alkali were the same in the 
sugar standard as in the filtrates to be tested. The results obtained were 
plotted as curves (Fig. 1). Itis obvious from these curves that, while the plasma 
gives only a slight though distinct variation, the whole blood gives high initial 
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readings falling sharply with prolongation of the heating, and the sedimented 
corpuscles give even higher readings at the outset with a similar rapid fall. 
The only possible explanation of this result is the presence of a substance 
differing from glucose and mainly concentrated in the corpuscles which reacts 
with picric acid solution more rapidly than sugar, and by its additive effect 
leads to the ultimate high readings obtained by the Benedict method. This 
substance is present to a small extent only in the plasma, and consequently 
estimations carried out on plasma by the Benedict method in normal bloods 
show only slight excess over those obtained by the method of MacLean. In 
hyperglycaemic bloods even the results obtained from plasma are likely to be 
unsatisfactory, owing to the lack of direct proportion between the intensity 
of colour produced and sugar present under the conditions of the test. 


es - | 


Percentage of sugar as estimated 


Duration of heating at 100° in minutes 


Fig. 1 
A -glucose standard. B_ corpuscles C_ whole blood. D_ plasma. 
CONCLUSIONS. 


1. The Benedict method for the estimation of sugar in blood gives results 
which are too high and shows an average figure about 30 to 50 % in excess of 
that found by MacLean’s method. 

2. The high results appear to be chiefly due to the presence of an inter- 
fering substance or substances mainly concentrated in the corpuscles but 
present to some extent in the plasma also; this substance reacts with the 
picric solution at an early stage of the heating. Creatinine probably plays a 
large part in this reaction. 

Bioch. x11 ; ll 


————— 
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On account of the influence of this interfering factor the accurate 


estimation of sugar in whole blood by the picric acid method as described by 
Benedict is impossible. 
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Tue function of the intestinal flora and the relationship of the flora to such 
of its products as are absorbed by the organism have been matters of some 
controversy. 

Two conflicting views have been held, viz. 

(1) That the intestinal microbes are useful to the organism. 

(2) That the intestinal microbes are harmful to the organism. 

The first hypothesis is nothing more than a teleological conception without 
supporting evidence; the second is based on observations, especially as to the 
relationship between the intestinal flora and the absence of urinary indican in 
the breast-fed child. 

The contention has hitherto been left undecided owing to the lack of crucial 
experiments which alone are satisfactory for the elucidation of biological 
problems. 

The present contribution deals shortly with experiments performed with 
a view to demonstrating that indican and other products in urine are due to 
the activity of intestinal microbes. 

To put this conclusion on an unshakable basis it is necessary to demon- 
strate that im vivo an intestinal flora containing predominantly indole-forming 
micro-organisms gives rise to indican in the urine, whereas by transforming 
at will such a flora into one containing in predominance non-indole forming 
micro-organisms, the indican and other products disappear from the urine. 

The first stage in the investigation of the relationship between intestinal 
flora and urinary poisons is to find a method of transforming the flora. This 
was done by feeding white rats upon a food diet which included lactose 
[Distaso and Schiller, 1914]. After feeding for two or three days with this 
diet the faeces acquire an acid reaction and a yellow colour. The predominant 
microbe is just the same as in breast-fed infants, viz. the B. bifidus communis 
which never produces indole. We were led to adopt this method starting 
from the hypothesis that certain enzymes may be absent in adult rats which 
would result in a sugar passing untouched into the caecum, and so into the 
large intestine, whereby microbes of what one of us has called the acetogenous 
group (B. bifidus, acidophilus, ete.) would be able to grow | Distaso, 1911]. 

11—2 
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Under these conditions just as is the case in experiments 7 vitro the higher 
the percentage of sugar available for the intestinal microbes the more quickly 
the acetogenous flora gain the ascendency, and afterwards they are the only 
species which survive. We dismissed, therefore, the idea of introducing new 
microbes into the intestine because in each intestinal flora there are plenty 
of acid producers and non-indole forming organisms which are always ready 
to seize the first opportunity for displaying activity. Moreover we found to 
our astonishment that we were unable to acclimatise strange microbes to the 
environment of the intestinal flora even though the most favourable conditions 
were provided | Distaso and Schiller, 1914]. 

The discovery of this method opens up a wide field from the physiological 
and pathological standpoint. The rapid sensibility of the intestinal flora to 
such influence should certainly permit us to solve the question of the relation- 
ship between intestinal flora and the urimary poisons, and to acquire a more 
exact knowledge as regards the activity of the enzymes of the digestive canal 
in each animal species under normal and pathological conditions and assuredly 
supplies a more direct and trustworthy method of investigation than any 
optical method can. 

At any rate one problem in connection with the nutrition of the breast-fed 
child seems to be explained in connection with this discovery. Certainly in 
this case a sugar is prepared in the breast of the mother, and this is not ab- 
sorbed by the young organism, but passes untouched into the large intestine. 
Why the mother prepares in her breast something which is of no nutritive 
value to the suckling is one of the riddles which it is hard to understand if 
one carefully avoids teleological explanations. 


RELATIONSHIP BETWEEN INDOLE AND MICROBES. 


In this connection, the first point which can be demonstrated in vitro is 
that the indole, of which the indican is the oxidation product, is formed by 
the activity of the microbe alone. In fact if proteins are really split by sterile 
methods in the presence of intestinal juice, it will be observed that the pro- 
ducts of the cleavage reach the tryptophan stage. If the same process is 
carried out in the presence of microbes, indole will be at once detected. The 
indole is, therefore, a product of the activity of the microbes, and is not 
formed by the enzymes of the digestion. This conclusion is supported by 
Nencki’s classical experiments 7m vivo. He found that the products of digestion 
drawn off through an iliac fistula never contain a trace of indole, whereas it 
is easy to detect indole in the faeces where we know the microbes display all 
their activity. Thus 7m vitro as well as in vivo it has been demonstrated that 
indole is formed by the activity of the microbe. ’ 

We now proceed to give below some of our experiments which demonstrate 
that indican disappears from urine if we cause the indole forming flora to 
disappear, whereas it reappears as soon as the indole forming flora reappears. 
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We have, moreover, dealt with the question of the production of ethereal 
sulphates and skatoxyl and we believe there is evidence enough of the 
mechanism and source of their production. 

The feeding experiments were made at intervals over a considerable period, 
under varying conditions with regard to diet and amount of lactose used. 
In all cases control feeding experiments were made at the same time as the 
lactose feeding tests, using groups of from one to three animals as available. 
The amount of food given (other than lactose) was not weighed, but the 
animals were of approximately equal size, and were supplied with the food 
in approximately equal amounts. 

Putrefaction of the urine was inhibited by admixture with small amounts 
of suitable antiseptic. 

It was necessary at times to continue the collection for a period of 48 hours 
or more, although, had the conditions permitted, it would have been more 
satisfactory to have been able to make analyses upon the freshly collected 
samples. 


ANALYTICAL RESULTS. 


Indoxyl. The figures given under this term may be regarded as approxi- 
mating to the indoxyl present, since the colouring matter was formed in the 
presence of an oxidising agent, and therefore indigo blue should be the chief 
product and its amount be approximately in proportion. 

10 cc. of urine previously treated with basic lead acetate and filtered, 
were mixed with an equal volume of pure strong HCl and extracted with 
2 ec. of chloroform, adding 1-2 drops of 1 in 10 H,O,. 

A second extraction was made where any considerable development of 
indigo resulted. The intensity of colour was then matched against a standard 
tint on an arbitrary scale. No great degree of accuracy can be attained by 
the method and the figures are merely relative, but they serve for purposes of 
comparison. 


AmyYL ALcoHot EXTRACT. 


The residual acid liquid was extracted once or twice with small amounts 
of amyl alcohol, and as with the chloroform extract the coloration obtained 
was recorded on an arbitrary scale. 

To what extent these figures give a measure of the skatoxy! pigment is a 
matter of controversy; also the tints were not clearly defined and colorimetric 
readings were more indefinite than with the blue chloroform extracts. 


ETHEREAL SULPHATES, 


These determinations as well as those of the mineral sulphate were made 
by the benzidine method as described by Rosenheim and Drummond. The 
figures are given in terms of milligrams SO, per animal per diem. They will 
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include not only the indoxyl sulphates but also any skatoxyl sulphates, 
phenol sulphates, ete. It will be found that the few determinations which 
could be made show some relationship (as is to be anticipated) to the figures 
for indoxyl. 

We give below a few typical experiments for the sake of brevity. 


BKaperiment I. 


Control— Potato 
Lictose—Potato + 2:5 &. lactose per animal. 
From October 30 to November 16, 1916. 


Amy] Mineral Ethereal 

Alcohol Sulphate Sulphate 

Test Indoxyl Extract mg. SOs mg. SO, 

1916 

Nove «3. (Control) i. 10-5 0:6 6-9 0-6 
Nove -G) ae 3:5 0-8 7:3 0-3 
Nov. 10 at wee Nil — 5-0 Nil 
Noy. 12 a wale 1-0 — 6-1 Nil 
Nov. 16 ss ae Nil — 2°3 Nil 
Nov. 5 Lactose 2:5 ¢g. Nil 0-1 aa — 
Nov. 11 ee Be Nil — 2-7 Nil 
Nov. 16 PP ee Nil a 1:5 Nil 


Remarks. The continued feeding of the control animals with potato only 
shows a gradual reduction in the figures for indoxyl and also for ethereal 
sulphates which after two weeks were practically nil. 

Although the lactose feeding experiment shows the rapid disappearance 
of indoxyl and other products within a few days, the experiment is in our 
opinion inconclusive. 

We have been obliged to select another diet which would give a greater 
and a persistent amount of indican, skatoxyl, ethereal sulphates, ete., in the 
control, a condition under which alone a crucial experiment would assume 
its full value. 


Experiment 2. 


Control— Banana. 
Lactose—Banana + 2-5 ¢. lactose per animal. 
From March 14 to March 30, 1917. 


Amyl Mineral Ethereal 

Alcohol Sulphate Sulphate 

Test Indoxyl Extract meg. SOs mg. SO, 
March 19 Control ... Traces 2-0 —_ — 
March 22 5 eae 1-5 2-2 0:25 0-1 
March 27 a wee 2°4 0-4 0:3 O-1 

March 30 - Sais 1-9 1-2 0-15 0-05 

March 20 Lactose 2:5 ¢. 0-4 0:2 = == 
March 23 a Roe Nil 0-2 0-15 Nil 
March 27 5 Se Nil 1-0 0-1 Nil 


March 30 es see ‘Nil 0-8 = — 


be 


nea Ms hosts 


> 
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Remarks. In the control feeding the figures for ethereal sulphates (also 
mineral sulphates) were exceptionally low throughout, but they are capable 
of comparison. 

- Lactose feeding gave negative results within a few days for both indoxyl 
and ethereal sulphates, but the amyl alcohol extract continues to be appreci- 
able in the lactose-fed animals. 


Experiment 5. 


Control—Expt. 2 Lactose animals now fed with banana. 
Lactose—Expt. 2 Control animals now fed with banana +2-5 g. lactose per animal. 
From March 30 to April 23, 1917. 


Amyl Mineral Ethereal 
Alcohol Sulphate Sulphate 
Test Indoxyl Extract mg. SO, meg. SO, 
April 2 Control ... Nil 1-6 0-12 Nil 
April 4 35 wae 1-1 0-5 0-14 Nil 
April 6 “ oes 7-0 0-7 0-09 0-03 
April 7 ie a 2:0 0-5 -- — 
April 10 35 su 1-0 1-5 — — 
April 17 ie A 1-2 0-6 a au 
April 19 pA se 3-0 1-0 — — 
April 23 = Ane 2-0 1-0 — —- 
April 3 Lactose 2-5 g. Nil 0-3 — = 
April 7 a Nil 0-3 = = 
April 10 Bs Nil Prac. Nil —- —_— 
April 13 5 Nil = = 
April 17 Banana only Nil by —- — 
April 20 ” 0-5 0-5 = -_ 
April 23 he 0-5 0:5 = — 


Remarks. Feeding reversed. On feeding the original control animals with 
lactose, negative results for indoxyl were obtained within a few days. The 
original lactose-fed animals (now banana only) showed a gradual re-appearance 
of indoxyl. 

The same phenomena were to be observed in this experiment as in the 
previous one; with the appearance of indican, the flora showed chiefly coliform 
and allied micro-organisms, whereas with its disappearance the acetogenous 
group partially re-appeared. 

We attribute the persistence of the figures for amyl alcohol extract to 
the fact that it is almost impossible to mix thoroughly the lactose with banana. 
Further, the transformation of the intestinal flora thereafter was not complete. 


smears made from films actually showing an appreciable proportion of B. 
coliformis. 
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Control 


Kaxperiment 4. 


May 24 to June 8, 


Bread for two days previously, then bread and egg. 
sread for two days previously, then bread and egg* + lactose: 4g. to June 2; 


June 6; 8¢. to June 8 per animal. 


Test 
May 24 Control 
May 27 
May 29 
May 31 
June 2 
June 4 . 
June 6 F 
June 8 
May 24 Lactose 4:0 ¢. 
May 27 
May 29 
May 31] : 
June 2 
June 4 GH 
June 6 on 
June 8 es 


Indoxyl 
14-0 
22:0 
32:0 
16-0 
24-0 
28-0 
32-0 


22:0 


<= 0-05 
Prac. nil 
Os 


Ethereal 
Sulphate 
mg. SO, 


Mineral 
Sulphate 
mg. SO, 


Amy] 

A leohol 
Extract 
Smallamount 
air amount _- 


4-0) —- 4 — 
1-6 12°5 1-2 
1:5 Ls = 
20 = = 
2-0 = = 
2-2 24°1 2-8 
Small amount — = 
Fair amount — == 
0-8 a= — 
O-4 4-6 0°25 
<<) -() —- a 
0-5 3:4 0-5 
1-0 4-9 0-5 
0-4 4-3 0:3 


a 


1o 


* This was prepared as follows: an egg was beaten and diluted with 4 times its volume of 


water. 


The bread was soaked in this emulsion. 


Remarks. The control feeding gave very high figures for indoxyl. The 
lactose feeding experiment shows a gradual reduction in indoxyl, ultimately 
to nil, with a large reduction in ethereal sulphates. 

The experiment was stopped at this stage, because the rats began to 
refuse their food and, as will be seen later, this antipathy towards lactose 
has been an adverse factor to cope with, which has required special con- 
ditions of feeding. 


Lactose 
Test 

June 14 Control 
June 16 35 
June 18 ss 
June 20 5 
June 22 a ses 
June 29 Bread only 
June 30 “p 
July 11 cr 
July 16 a 
June 14 % .. 
June 16 Lactose 8 g. 
June 18 = 
June 20 6 
June 22 Ae Ben 
June 27 Bread only 
June 30 - 
July 11 5 


July 


Experiment 5. 


June 14 to July 16. 
Control—Bread and egg; fed on bread for six days previously. 


Indoxyl 
3-0 
13-0 
30-0 
17-5 
12-0 
18-0 
13-0 
17-5 
16-0 
7:0 
1105) 
0-2 
0:3 
0-4. 
1-6 
1-6 
4°5 
10-0 


Bread and egg +8 g. lactose per animal up to June 22. 


Amyl Mineral Ethereal 
Alcohol Sulphate Sulphate 
Extract mg. SO, mg. SO, 


Fair amount 


39 


18 
Small amount 
Fair amount 
3° 


99 


Small amount 


99 


Nil 
Traces 
<0°8 
Small amount 
Apprec. amount 


Practically nil 


Te 
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Remarks. The control feeding showed high figures for indoxyl and these 
were still maintained on a reversed diet of bread only. In the lactose feeding 
a quick reduction was obtained in both ethereal sulphates and indoxyl to 
practically nil. The indoxyl gradually re-appeared after stopping feeding 
with lactose, reaching the normal amounts in about three weeks. 


Experiments 4 and 5. 


Although in these experiments we have been unable to reduce the amounts 
of indican, amyl alcohol extract and ethereal sulphate to nil, this partial 
failure is, in our opinion, due to certain adverse circumstances, vz. 

(1) The diet was really very severe. 

(2) We have been obliged to use old animals which owing to long experi- 
ence had become unsuitable for use. 

(3) The rats have a distaste for lactose. 

In order to avoid a condition of starvation in this and in other experiments 
they were discontinued whenever these adverse factors were becoming acute. 


Experiment 6. 


July 23 to August 18. 
Control—Fed on bread three days previously, then bread and egg. 
Lactose—Fed on bread three days previously, then bread and egg to July 26, then 8 g. lactose, 
then 5 ¢., then 10 g. lactose per animal. 


Amyl Mineral Ethereal 
Alcohol Sulphate Sulphate 
Test Indoxvl Extract mg. SO, mg. SO, 
July 23 Control... 28:0  Apprec. amount = - 
July 25 - so 20:0 1-5 13-4 1-0 
July 28 x opr 19-0 er) —_— | — 
July 31 = ae 33:0 3:2 — — 
Aug. 3 a aes 16-0 Neil 14:3 0-7 
Aug. 6 op ae 27-0 1-5 — — 
Aug. 10 5 ... Large amount ‘il -_- ~- 
Aug. 13 4: 50 21-0 1:8 16-4 et! 
Aug. 15 b ae 10-0 Small amount — — 
Aug. 18 a sis 9-0 Fair amount — — 
July 23 Bread 20 32:0 Fair amount — _ 
July 25 Breadandegg 19-0 1-9 13-2 1:0 
July 28 Bread and egg 
+Lactose 8¢. <1:0 0:3 —- — 
Aug. 1 a 0-4. 0-2 ee: ee 
Aug. 3 ee 0-6 0-5 6-8 Nil 
Aug. 6 . 0-4 Practically nil — — 
Aug. 10 of Trace only 
< 0-05 0-2 — = 
Aug. 13 LOE 0:3 Practically nil 0-2 Nil 
Aug. 15 a3 2-0 Traces — — 
Aug. 18 “A 4-2 Apprec. amount = — — 


= control 
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Remarks. The control feeding showed high figures for indoxyl which 
were reduced towards the end of the period. With lactose feeding the amounts 
of both indoxyl and ethereal sulphates were quickly reduced to almost nil 
and finally also the mineral sulphates, but afterwards the indoxyl began to 
reappear. 

This is an illustrative experiment in which the results obtained may 
appear to indicate a failure on our part to produce systematically and always 
the disappearance of urinary poisons. But the flora in this case suggests the 
explanation. Here it is to be noted that there is an enormous fall in urinary 
poisons after three days of lactose feeding, but at the same time the flora was 
far from showing the homogeneity seen in other cases. This condition had 
continued for 13 days, when we decided to increase the amount of lactose. 
Now the rats took little food, it being almost entirely rejected—a condition 
of starvation in which all the classical symptoms ensued and which led to a 
definite increase in the urinary poisons. The flora on the other hand again 
returned to the condition of the control flora, viz. predominance of B. coli- 
formis. 

Experiment 7. 
September 17 to October 7, 1917. 


Control—Bread and ege. 
Lactose—Bread and egg +8 g. lactose per animal. 


Amyl 
Alcohol 
Test Indoxyl Extract 

Sept. 17 Control Bread SoC 6-0 1-2 
Sept. 19 >  Bread+ege 6-5 1-9 
Sept. 21 c 8-0 2-6 
Sept. 24 e a 12-0 2°3 
Sept. 26 5 a 10-0 1-8 
Sept. 29 * + ee 1-3 
Oct. 1 55 5 14-5 1-2 
Oct. 4 op ap 13-0 1183 
Oct. 7 - 13-0 O-5 
Sept. 17 5:5 1-4 
Sept. 19 Lactose 8 g. 2-0 0-5 
Sept. 21 es 1-0 0:3 
Sepiazany lanes 2-2 0-4 
Sept. 26 + 1-6 0-4 
Sept. 29 a 1-2 0-6 
Oct. 1 5 1-1 0-7 
Oct. 4 4 1:5 1-0 
Octs 7 . 0-5 0-5 


Remarks. Old rats used many times. The control feeding gave indoxyl in 
fair amount, but less than in earlier experiments. With the lactose feeding a 
slow gradual reduction in amount of indoxyl is to be noted. A certain amount 
of indican, although small, persisted to the end of the experiment, and an 
observation of interest is that the flora always contained a certain number of 
Gram-negative bacilli (B. coliformis). 
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As previously stated, the rats were very fastidious in choosing their food, 
selecting the crumbs and rejecting lactose so far as possible, and of course 
without lactose introduced into the intestine the experiment will fail. 

It is very difficult to secure a thorough admixture of lactose with bread 
and therefore for later experiments we chose cooked potatoes to which an 
emulsion of egg was added. 

Expervment 8. 
Control—Potato and egg. 


Lactose—Potato and egg +8 g. lactose per animal. 
Nov. 14 to Nov. 27, 1917. 


Amyl Mineral Ethereal 

Alcohol Sulphate Sulphate 

Test Indoxyl Extract mg. SO, mg. SO, 
Noy. 14 Control sf se 8-5 — = = 
Nov. 20 5 sds Pec 8:5 Trace only — = 
Nov. 24 ie is see 5:0 Practically nil = —— 
Nov. 27 33 wine 3s 8-0 us 10-4 0-6 
Noy. 14 Before Lactose sos 8-4 — aa — 
Nov. 20 +Lactose 8 g. ae 0-2 — == = 
Nov. 24 3 tae Nil 0:3 = = 
Noy. 27 55 sis Nil Practically nil 7:3 Nil 


Remarks. The control feeding showed indoxy] and ethereal sulphates in 
fair’ amount, less than in.the earlier feeding with bread and egg, but the 
amounts were persistent throughout the experiment. With the lactose feeding 
a rapid elimination of indoxyl occurred with the practical elimination of 
ethereal sulphates within ten days. 


Experiment 9. 


Control—Potato and egg. 
Lactose—Potato and ege +8 g. lactose per animal. 
December 18, 1917, to January 7, 1918. 


Amyl Mineral Ethereal 

Alcohol Sulphate Sulphate 

Test Indoxyl Extract mg. SO, mg. SOs 
Dee. 20 Control ane Sue 8-5 Practically nil — = 
Dee. 22 a 5-0 0-6 ae = 
Dee. 24 aA 4-5 0-7 8:4. 0-9 
Dec. 25 ae aes ... Fairamount Small amount — — 
Dec. 31 ic na tee 4:5 9 a+ —_ 
Jan. 2 a 7-4 9 va a 
Jan. 4 =e 7:8 les 18-0 0-8 
Jan. 7 33 8-0 Nil 14:5 i 1-9 
Dec. 20 Lactose 8 g. sie 0-2 Practically nil — — 
Dec. 22 5 307 ae Nil Nil a — 
Dee. 24 sia es Nil Nil -- — 
Dec. 28 3 Pe ive Nil Nil — —— 
Dec. 31 ye ae 3 Nil Nil — — 
Jan. 2 Me ae a Nil Nil _ — 
Jan. 4 BS seo dat Nil Nil 8:3 Nil 
Jan. 7 Nil Nil 12-3 Nil 
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Remarks. The control feeding results were similar to those in Experiment 
8, whilst the lactose experiment also gave results practically identical with 
the previous Experiment 8. With this diet we have, therefore, reached the 
ideal experimental conditions for proving our assertion and in this and the 
following experiment it will be seen that with these conditions realised the 
experiments will give consistently the same results. 


BKaperiment 10. 
Control— Potato and ege. 


Lactose—Potato and egg +8 g. lactose* per animal. 
March 12 to 26, 1918. 


Amyl Mineral Kthereal 
Alcohol Sulphate Sulphate 
Test Indoxyl Extract mg. SO, mg. SO, 
March 18 Control 3:4 1-2 —— — 
March 19 A 8-4 2:0 24-0) 2:2 
*March 20 ss 5-4 Small amount —- —- 
*March 22 9-6 = 15:9 2-45 
*March 23 5 12:8 55 -- — 
March 25 = 19-0 a 16-3 2-0 
March 26 - 17-0 Yellowish — oa 
March 18 Lactose 8 g. Nil Nil — — 
March 19 on ai Nil Nil — Se 
March 20 s Ba Nil Nil —- — 
March 22 a wes Nil Nil a _ 
March 2: 4 ... Faint trace —- — a — 
<0-1 Practically nil 
March 25 5D sac Nil Nil 71-7 Nil 
March 26 of Nil Nil 13-2 Nil 


* Since under the conditions of the experiments some direct admixture of lactose with the 
urine was unavoidable, an amount of lactose approximately equal to that given in the food was 
in these contro! tests added to the containing vessels, giving a direct admixture of the urine with 
lactose with no marked fluctuations in the results obtained. 

Remarks. In the control feeding the amounts of indoxyl and ethereal 
sulphates reached a higher figure than with previous experiments. The lactose 
experiment showed a quick elimination of indoxyl and also of ethereal 
sulphates. 

CONCLUSIONS. 

We have been able to show that the presence of indoxyl, skatoxyl and 
ethereal sulphates in the urine, corresponds with a flora composed of microbes 
which in vitro give indole and skatole. 

On the other hand if such a flora be transformed into one which does not 
produce either indole or skatole, then indoxyl, skatoxyl and ethereal sulphates 
are absent from the urine. 

The group of microbes which produces these poisons is that of B. coli- 
formis which play a great role in many intestinal disorders and states of ill- 
health, and to produce disintoxication the intestinal flora must be transformed 
so as to consist of non-indole producers. / 
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It is interesting to note that throughout our experiments the total mineral 
sulphates are lower in the non-intoxicated animals, and this observation 
should open up an experimental field of considerable importance in relation 
to thé metabolism of the mineral constituents of the animal body. 

We admit that the amount of mineral matter in the food used will influence 
the excretion of the mineral sulphates, but nevertheless our experiments show 
throughout a marked decrease of the total mineral sulphates with lactose 
feeding. 

This effect we attribute to the fact that in intestinal stasis and in cases 
where intestinal fermentation is abnormal, the food is far more broken down 
by the action of the microbes and therefore more absorption of the mineral 
products takes place, with greater excretion in the urine. 
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XIX. THE ACTION OF ULTRA-VIOLET RAYS ON 
THE ACCESSORY FOOD FACTORS. 


By SYLVESTER SOLOMON ZILVA. 


From the Biochemical Department, Laster Institute. 
(Received April 2Sth, 1919.) . 


In spite of the various attempts to isolate and identify the accessory food 
factors their chemical identity still remains unsolved. As far as the anti- 
neuritic and the antiscorbutic factors are concerned it is possible now by means 
of chemical fractionation to obtain residues which are very active. These 
preparations contain comparatively little impurity judging from the small 
quantities required to produce a therapeutic effect. Although the chemical 
aim has not been achieved the possibility of employing such active fractions 
has been found useful in furthering research on the accessory factors in the 
domain of nutrition. 

As the chemical identification of these principles has not so far been 
successful by means of fractionating methods it becomes advisable to study 
their properties, because it contributes to the knowledge of the nature of these 
unknown substances. During the various investigations carried out on the 
accessory factors many of their properties have already been revealed. So far, 
however, the action of light on them has not been studied. This investigation 
is devoted to the study of ultra-violet rays on the accessory factors. These 
rays are well known to produce pronounced chemical changes in many com- 
pounds and also to influence the physiological activity of various biological 
principles, and it was therefore of interest to find out the effect on the ac- 
cessory factors after an exposure to ultra-violet rays. The action of the light 
on the antiscorbutic, antineuritic and the fat-soluble A factor was investi- 
gated. As these factors cannot be obtained in pure form they could only be 
exposed to the ultra-violet rays as present in active substances. The anti- 
scorbutic was used in the form of lemon juice from which the citric and other 
acids have been removed as described by Harden and Zilva [1918]. Autolysed 
yeast was used for the antineuritic and butter was employed as the source 
of the fat-soluble A. 

KiXPERIMENTAL. 


The Antiscorbutic Factor. 


In using the treated lemon juice for the antiscorbutic factor it was brought 
to a definite H-ion concentration in order to equalise the conditions. This was 
done colorimetrically by the addition of N/10 HCl to the juice and matched 
against a standard solution of glycine and N/10 HCl estimated by the gas 
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chain method to be Py 2:34. The H-ion concentration was adjusted daily 
before the liquid was exposed to the ultra-violet light. The solution was 
introduced in a quartz tube of 1 inch diameter which was revolved by means 
of a water motor. As a source of ultra-violet rays the quartz mercury vapour 
lamp was used and placed about 6 inches from the revolving tube. The solution 
was exposed to the light for 8 hours. Three sets of animals were employed in this 
experiment. One set received the treated lemon juice without having its re- 
action adjusted, the other set received the treated lemon juice with its reaction 
adjusted as described above and the third set received the treated lemon juice 
brought to P,, 2:34 and exposed for 6 hours to the ultra-violet rays. Each’ 
set had four animals which received 0:5 ec., 1°5 ce., 2-5 ce. and 5 ce. of the 
respective solutions. Fig. 1 represents the weight curves of these animals. 


Dose 4 c.c. 


Dose 1 ‘dec. 


Dose 2'5cc. 


Dose 5cc. 


o—+— Exposed to ultra violet light 
OA—-— Ynexposed.. Be 
x—x—* Neutral unexposed serving as contro/ 


10 20 30 40 50 60 
Fig. 1 
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The animals in all the sets which received 0-5 ce. of the solution succumbed 
to scurvy within about 30-35 days. Of the animals receiving 1:5 ec. of the 
various solutions two died of scurvy within 42 days, and the third one re- 
ceiving the treated lemon juice as a control was decreasing rapidly in weight 
when it was chloroformed on the 46th day. The post mortem revealed very 
marked scurvy. The guinea pigs which received 2-5 ce. of the solution all 
survived the duration of the experiment, namely 46 days. These animals 
were chloroformed and at the post mortem examination no signs of scurvy 
could be detected. The dose of 5 ec. also warded off scurvy entirely in all 
cases. These animals were growing when they were chloroformed after they 
had been under experiment for 46 days. They were found in good condition 
and no traces of scurvy could be detected. 

One is bound to conclude from the above experiment that the exposure 
to the ultra-violet rays did not destroy or even impair the antiscorbutic 
activity of the treated lemon juice at the H-ion concentration of Pj, 2°34. 

An attempt was then made to ascertain whether the action of ultra-violet 
rays has any effect on the treated lemon juice in neutral condition. Lemon 
juice treated by the Harden and Zilva method is neutral or shghtly acid to 
litmus; this reaction depends on how thoroughly the organic acids have been 
removed from the lemon juice. By taking the necessary precautions it is 
possible to prepare it always so that it reacts neutral to litmus. Such neutral 
preparations of lemon juice were used in this experiment. One group of guinea 
pigs received the exposed treated lemon juice; to the other group the unex- 
posed treated lemon juice of the same batch was administered. As in the 
previous experiment doses of 0-5 cc., 1-5 ce., 2-5 cc. and 5 cc. were given. 
In this case too both animals receiving 0-5 cc. declined and died of scurvy 
within about a month, thus showing 0-5 cc. of the treated lemon juice to be a 
dose insufficient to delay or prevent the onset of scurvy in guinea-pigs. The 
dose of 1:5 cc. in both cases delayed but did not prevent the onset of scurvy. 
The animal receiving the solution exposed to the ultra-violet rays was chloro- 
formed and found to be suffering from acute scurvy. The guinea pig which 
received the control solution died of scurvy after 33 days. 2-5 cc. and 5 ce. of 
both solutions was sufficient to prevent scurvy. The weight curves of the 
above animals (Fig. 2) show that no great differentiation can be established 
in the growth of the animals receiving similar doses of the respective solutions. 
It is therefore evident that the action of the ultra-violet rays produced no 
marked deterioration of the antiscorbutic potency of the neutral treated 
lemon juice. 


The Antineuritic Factor. 


In studying the influence of ultra-violet rays on the antineuritic accessory 
factor pigeons and rats were employed. A pigeon was kept on a diet of polished 
rice until it developed polyneuritis; a dose of the exposed autolysed yeast 
was then administered in order to see whether it had a curative effect. The 
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autolysed yeast was exposed to ultra-violet light in a similar manner to the 
lemon juice. The following protocol describes the experiment in detail. 
Pigeon H showed decided symptoms of polyneuritis. Its head was 
% bent well forward. The animal was unable to walk and could not stand 
7 firmly on its legs. 3 cc. of the exposed autolysed juice was administered per 


3800 
Dose 0-5 c.c 


350j- 


350 Ry ah 


i eT Dose 25 GG 


pees 7”. 


7 
ine) 
o 
oO 


Dose 5cc 


x a, 


S010) Matar, 


E o—e—e Exposed to the ultra violet light 


: xe—x—x Control (Unexposed ) 
200 


10 20 30 40 50 60 


os at 2 p.m. and another 2 ce. at 4.30 p.m. At 6 p.m. the same afternoon an 
improvement was observed. The following day the animal was normal. It 
was kept on a rice diet and after 10 days it developed another attack of poly- 
neuritis. 2 cc. only were administered this time. The animal nevertheless 
improved and kept up its condition for 6 days. 
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The above experiment shows that the exposure to the ultra-violet rays 
did not entirely destroy the antineuritic activity of the autolysed yeast. It 
was desirable to ascertain whether the antineuritic activity was at all impaired 
by the exposure to the light. Rats were found convenient animals for that 
purpose. These animals if kept on a diet free from the antineuritic do not 
grow and eventually die after about 6 weeks. If, however, the antineuritic 
is supplied after the deficiency has been enforced for several weeks normal 
erowth is immediately resumed. 

In this experiment three rats were employed. Their diet was made up as 
follows: 


Basal mixture 10 ¢. 

Antiscorbutic equivalent to lemon juice 5 ce. 
Centrifuged butter-fat 1:8 g, 
Olive oil 1-6 ,, 


The basal mixture was made up of 75 % starch, 20 °% caseinogen and 5 % 
salts. 
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Fig. 3. The first perpendicular dotted line marks the time at which the administration 


of the exposed juice was commenced and the second line that of the unexposed 
juice of the same batch. 


As will be seen from Fig. 3, two of the rats (Nos. 228 and 229) showed no 
growth for 43 weeks; the third animal (No. 227) showed little growth, much 
below the normal. After 43 weeks No. 227 received in its daily ration 1 ce., 
No. 228 3 ce. and No. 229 5 ce. of autolysed yeast juice exposed to ultra- 
violet rays. All the three animals commenced growing. The improvement 
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was least marked in rat No. 227 which received only 1 cc. of juice, the dose 
being evidently insufficient. After 15 days the exposed autolysed juice was 
replaced by unexposed autolysed juice which belonged to the same batch, 
and as the curves show the growth in all the three cases proceeded at the 
same rate as before. This experiment shows that the exposure of autolysed 
yeast to ultra-violet rays for 6 hours neither destroys nor vitiates to any 
marked degree the antineuritic activity of the juice. 


The Fat-soluble A Accessory. 


The influence of the ultra-violet rays on the fat-soluble A factor was 
studied next. As butter was used for the source of this accessory factor the 
technique had to be somewhat modified. The butter was spread in a thin 
layer over a glass plate which was placed in a horizontal position about 6-8 
inches from the lamp. The butter was turned over several times during the 
exposure. The part of the plate nearest the lamp became slightly warm from 
the heat of the lamp but it did not reach a higher temperature than 30°. It 
soon became apparent that the butter was greatly altered by exposure to the 
ultra-violet light. It became entirely bleached, acquired an odour like that of 
tallow, and was unpalatable and unfit for consumption. Several preliminary 
experiments showed that exposure to the ultra-violet rays destroyed the 
fat-soluble A in the butter and this was confirmed on repetition. The following 
experiments demonstrate it. The mode of procedure adopted was the same 
as that employed by Drummond [1919]. Three rats were placed on a diet free 
from the fat-soluble A factor, which was made up as follows: 


Basal mixture 12 g. 
Antiscorbutic equivalent to lemon juice —5 ce, 
Autolysed yeast juice oes 
Olive oil 0:75 .-ec. 


Precautions were taken to destroy any traces of the fat-soluble A that might 
be present in the basal mixture by heating the starch and the caseinogen for 
3 hours at 100° C., since it has been shown by Steenbock, Boutwell and Kent 
[1918] and Drummond [1919] that this factor is thermolabile. The animals 
were kept on this diet for 18 days after which time 2 g. of the exposed butter 
was added to the above daily ration. This diet was continued for 25 days, 
when the exposed butter in the diet was replaced for two rats by ordinary 
butter kept for 6 hours at 35°. The butter was kept at this temperature in 
order to demonstrate that the slight heating effect of the lamp, which, as 
already mentioned, never increased the temperature to more than 30° at the 
nearest point, was not responsible for the destruction of the factor. On ex- 
amining Fig. 4 it is seen that during the first period when the rats were re- 
ceiving the diet lacking the fat-soluble A factor two of the animals did not 
erow at all, the third animal did grow. but at a rate much below the normal. 
The addition of the exposed butter made no difference to the growth of either 
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of the animals. One of the rats left on that diet developed xerophthalmia 
and died after about 6 weeks. When the exposed butter was replaced by 
unexposed butter kept for 6 hours at 35° in the diet of the remaining two rats 
they at once commenced growing, thus showing that the fat-soluble A was 
supplied by the addition of the unexposed but not by the exposed butter. 
The fat-soluble A factor in the butter was therefore inactivated by exposure 
to the ultra-violet rays. 
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Fig. 4. The first perpendicular dotted line marks the time at which the administration 
of the exposed butter commenced and the second line that of the unexposed butter. 


On exposing the butter to the ultra-violet rays by means of the technique 
described above two other factors are introduced which might be suspected 
to bring about the inactivation of the fat-soluble A factor, namely, (a) tem- 
perature and (b) ozone, which, as is well known, is produced by the 
action of ultra-violet light on the atmospheric oxygen. That the slight eleva- 
tion of the temperature of the butter is not responsible for the inactivation 
is seen from the above experiment, as the addition to the diet of butter not 
exposed to the ultra-violet light but kept for 6 hours at 35° at once induces 
growth. The part played by the ozone in the inactivation of the factor, 
as well as the chemical changes produced by the ultra-violet light in the fat, 
are now being studied. 

In this connection it is of interest to add that it has been previously 
pointed out by many investigators that the sterilisation of milk by means of 
ultra-violet rays imparts to the milk a peculiar taste. This is no doubt due 
to the alteration in the butter fat brought about by the exposure. In view of 
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the above observations one would also expect that the action of ultra-violet 
hght on milk might greatly impair the activity of the fat-soluble factor in it 
and thus diminish its nutritive value, especially when used for the purpose 
of infant feeding. | 


SUMMARY. 


1. The exposure of treated lemon juice to ultra-violet rays in neutral 
condition and at a H-ion concentration of P,, 2:34 for 8 hours does not influence 
its antiscorbutic activity. 

2. The exposure of autolysed yeast juice for the same length of time does 
not impair its antineuritic potency. 

3. Butter exposed for 8 hours to ultra-violet light undergoes a very notice- 
able change and the fat-soluble A factor in it becomes inactivated. 
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XX. THE INFLUENCE OF DEFICIENT NUTRI- 
TION ON THE PRODUCTION OF AGGLUTI- 
NINS, COMPLEMENT AND AMBOCEPTOR. 


By SYLVESTER SOLOMON ZILVA. 


From the Biochemical Department, Lister Institute. 
(Received May 2nd, 1919.) 


At least two diseases, scurvy and beri-beri, can definitely be traced to a 
prolonged consumption of a faulty diet. Both experimental and clinical data 
fully support this view which is now accepted by the majority of scientific 
workers and clinicians. Other diseases designated as “deficiency diseases,” 
like pellagra, rickets, sprue, etc., are also attributed by some to-a dietary 
deficiency, but the scientific evidence available at present is not sufficient to 
warrant any definite conclusion as regards the etiology of these diseases. 

As is well known scurvy and beri-beri are caused by the absence from the 
diet of two principles of unknown chemical constitution. By depriving the 
diet of certain animals of these principles pathological conditions closely 
resembling scurvy and beri-beri can be induced. Lately Osborne and Mendel 
[1912, 1] and McCollum and Davis[1913] have demonstrated the necessity of a 
third accessory food factor provisionally named “the fat-soluble A factor” 
for the growth and existence of the rat. This has been confirmed by other 
workers. The effect of this deficiency on the human subject is still uncertain, 
but experimental evidence is gradually accumulating which promises to 
reveal it. 

Besides the above principles of unknown chemical constitution it has been 
demonstrated experimentally on various kinds of animals that the removal 
of some chemically known compounds and elements from the diet restricts 
growth in the young and makes the food inadequate for sustenance in general. 
These products are of inorganic and organic nature. 

The indispensability of the inorganic constituents of the diet was disclosed 
by the early researches in nutrition. The deficiency of certain elements such 
as calcium or phosphorus makes itself manifest very soon in growing animals. 
The presence of other inorganic elements in the food also exercises a very 
important physiological function. 

The organic portion of the diet is limited by the character of the proteins 
as regards their amino-acid content. Willcocks and Hopkins [1906] and 
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Osborne and Mendel [1912, 1, 2, 3 and 1913] have shown that certain amino- 
acids are indispensable for existence and cannot be synthesised by the animal 
organism. Consequently these must be supplied in sufficiency through the 
medium of the consumed food in order to ensure the well-being of the animal. 

When, therefore, any of the accessory food factors or the indispensable 
organic or inorganic constituents are eliminated from the diet, the animals 
cease to grow and eventually die. In the case of deficiencies in the antineuritic 
and antiscorbutic factors, as already pointed out, the animals succumb to 
clinically recognised diseases. The pathology of the other deficiencies is not 
so well defined. In all cases, however, where the diet is deprived partially or 
completely of an essential constituent the animals under experiment soon 
manifest the deficiency by a retarded rate or absolute cessation of growth, 
by restricted propagation and by a general unhealthy appearance, so that if any 
vital principle of the food is withheld for a prolonged period organic changes 
ensue which are very marked. But besides the radical changes produced by 
deficient nutrition already recorded it is quite possible that decided modifica- 
tions may take place in the body tissues and fluids which are not discernible 
macroscopically or microscopically, but which may nevertheless restrict 
physiologically the functions of the organism. In this connection arises the 
interesting problem whether the resistance to disease of the animal is in any 
way influenced by deficient nutrition. 

There is a general belief that underfed individuals are more susceptible 
to infection than well fed persons and that when the former contract a disease 
they show less resistance and are more prone to succumb to it. But terms 
like “malnutrition” or “underfed” are vague expressions and lack scientific 
definition. There is also no definite scientific evidence even of a general 
character to support this belief in spite of its probability. If, however, there 
is a connection between imperfect nutrition and susceptibility to disease the 
subject becomes one of the utmost theoretical and practical importance. 

Even with our present knowledge of the various foodstuffs as regards their 
chemical constitution and content of the accessory food factors it becomes 
evident on reflection that the food of some people living under modern con- 
ditions may not contain an evenly distributed and adequate amount of all 
the vital factors which are necessary for normal existence. It is true that, 
excluding abnormal conditions like war or famine, the probability of a pro- 
longed total deficiency of one or more essential principles from the diet is 
remote, but a prolonged partial deficiency or a rigorous deficiency lasting a 
short period is quite possible. The effect of such an irregularly balanced diet 
need not necessarily manifest itself by such drastic constitutional changes as 
those produced by the absolute deprivation of any essential principle for a 
long period, but it is only reasonable to suppose that certain systemic modifica- 
tions may take place. This conjecture finds some support in the observations 
made by Zilva and Wells [1919] who found decided histological changes in 
the teeth of guinea-pigs kept on a scorbutic diet at a stage when the animal 


174 S. S. ZILVA 


was growing normally and was apparently in normal health. One may simi- 
larly imagine that the body cells and fluids may be altered at an early stage 
by deficient nutrition. It becomes necessary therefore to ascertain in the 
first place whether the immunity of an animal is affeeted by a rigorous and 
prolonged dietetic deficiency. 

Immunity is a complicated biological phenomenon and our present know- 
ledge of the subject is a collection of certain facts supposed to be connected 
with it, which are, however, insufficient to explain the actual mechanism in- 
volved. Immunity, therefore, is not very amenable to quantitative estimation. 
That it is a variable function is evident from empirical observations. Certain 
phenomena, however, like phagocytosis, complement fixation, agglutination, 
etc., connected with immunity can be estimated quantitatively for compara- 
tive purposes, and it is therefore possible to investigate the influence of diet 
on such phenomena. 

So far there seems to be no record of any experimental work on this subject. 
It has been asserted by some observers that vegetarian races are less resistant 
to disease than races which eat meat. Even if that assertion be correct other 
differential conditions under which these races live would prevent one from 
ascribing the lower resistance of vegetarian races to their diet. Also the 
resistance of carnivorous animals towards certain diseases to which herbivorous 
animals are subject and vice versa cannot be entirely explained by the differ- 
ential diet owing to the number of other factors concerned. 

In studying the influence of diet on immunity one has to deal with a 
multitude of phenomena which offer a great variety of problems to be settled. 
As already mentioned a diet may be deficient by lacking one of the vital 
chemically known or chemically unknown principles, but the deficiency may 
also be of a multiple character. The conceivable changes in the factors con- 
nected with immunity which may be produced in the animal organism by any 
deficient diet are also numerous. The problem, therefore, is very complex 
and its investigation difficult. 

In dealing with immunity one has to consider natural immunity and 
acquired immunity. The former is the inherent capacity of the animal to 
resist infection and the latter the immunity resulting from accidental or 
artificial infection previously sustained. The experimental study of natural 
immunity would have to be carried out by injecting standardised doses of a 
suitable lethal organism into animals fed on the various diets to be investi- 
gated and recording the relative mortality and time taken by the animals to 
succumb. In order to draw definite conclusions such experiments would 
require a great number of animals in each set. The evident drawback of such 
a plan of investigation is the amount of labour necessary for the preparation 
of purified diets for the great number of animals a systematic inquiry of such 
a nature would require. The task becomes almost impossible for a single 
experimenter to carry out. In investigating acquired immunity one is again 
confronted with the difficulty of choosing from the great number of factors 
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which undergo a change during artificial or accidental immunisation those 
most suitable for study. 

In this investigation the study of the influence of deficient diets on the 
amboceptor and agglutinin formation and the complement content has been 
undertaken. Owing to the complexity of the subject the experiments carried 
out can only be considered of a more or less preliminary character. The results 
obtained although of an unexpected nature are nevertheless of general interest 
and suggest the necessity of further investigation. 

The influence of the following dietetic deficiencies on the production of the 
above-mentioned antibodies was studied. 

(a) The deficiency of each of the following elements Ca, Fe, K, Cl, P, and 
Na in the inorganic content of the diet. 

(b) The deficiency of certain amino-acids. 

(c) The deficiency of the antiscorbutic, antineuritic, and the fat-soluble 
A accessory factors. 

The influence of a quantitatively restricted diet on the complement con- 
tent was also investigated. 


EXPERIMENTAL. 


Rats were chosen for the investigation of the action of deficient proteins, 
restricted mineral salts and accessory food factors on the production of ambo- 
ceptor and agglutinins. These animals are very suitable for the purpose as 
they readily consume the experimental diet. For the study of the influence 
of quantitatively restricted diet on the complement content of the blood and the 
effect of a scorbutically restricted diet on the production of amboceptor and 
agelutinins guinea-pigs were employed, because these animals are well adapted 
for complement production and are very susceptible to scurvy. In both these 
instances their ordinary basal diet of oats and bran was so adjusted that the 
requisite deficiencies were effected without making their food unpalatable. 
The rats employed were mostly of the albino variety and were specially 
selected either from stock bred in this laboratory or from healthy stock 
bought outside. The animals were kept separately in wooden boxes with 
perforated zine tops. The bottoms of the boxes, except in some experiments 
to be mentioned later, were covered with a thin layer of sawdust. The diets 
were delivered daily in the form of weighed balls of suitable consistency. 
These were weighed back the following morning to ascertain the amount 
eaten. The drinking water which was kept in glass dishes was changed twice 
a day. All the animals were closely watched during the experiment, especially 
for scabies, and were weighed on the average about twice a week. 

The guinea-pigs too were chosen from healthy stock, great care being taken 
to ascertain that they had not previously been used for any inoculation experi- 
ments. These animals were kept separately in wire cages and received daily 
measured quantities of their respective foods in clean glass dishes. The food 
remnants were measured back the following day. 


176 S. S. ZILVA 


The rats’ rations were made up by thoroughly mixing all the constituents 
of the diet by means of a mechanical mortar. The mixtures were brought up 
to a convenient consistency by the addition of water and olive oil. The diets 
were made up twice weekly and stored in a refrigerating room until they were 
wanted so that no ration was older than 3 or 4 days, 

The basal ingredients of the rats’ food consisted of caseinogen, except in a 
few cases in which that protein was not compatible with the object of the 
experiment, starch and a mixture of mineral salts. 

The caseinogen was obtained from a commercial firm. It was pale yellow 
and of light texture. For experiments on the accessory food factors it was 
previously purified. The purification consisted of shaking the caseinogen twice 
with ether and once with 95 °% alcohol for several hours and filtering and 
drying. By testing the purified caseinogen on rats it was found to be free from 
the antineuritic and the fat-soluble A accessory factors. 

Pure wheaten starch was employed. It was not found necessary to purify 
this ingredient as it was free from both the antineuritic and the fat-soluble A 
accessory factors. 

The salt mixture was made up of pure reagents in the same proportion as 
that used by McCollum and his colleagues, and was constituted as follows: 


NaCl aa aoc LT Sis. CaH, (PO,).2H,O sist one aoe 
MgSO, (anhydr.) ... 2-66 Calcium lactate ... Hee cog) tse, 
NaH, (PO,)H,O ... 3:47 Ferric citrate 500 es die 1-18 
K,HPO, 4s 9-54 


The fat-soluble A factor was supplied in the form of purified butter fat. 
Pure butter was melted at 40° and centrifuged. The supernatant layer of fat 
was then carefully syphoned off leaving behind the caseinogen, water and 
impurities. 

Autolysed yeast was added to the diet to supply the antineuritic. Ordinary 
top fermentation brewer’s yeast was pressed out in order to remove the 
adhering wort. It was then introduced into flasks plugged with cotton wool 
and placed in the hot room at 37° until it had liquefied. The autolysed mixture 
was then filtered through a Buchner funnel by means of the suction pump. 
The resulting filtrate was brown and fairly transparent, and was rich in the 
antineuritic factor. As the autolysed yeast solution contains a good deal of 
the inorganic constituents of the yeast it was necessary to treat it further 
when used for the experiments in which the inorganic constituents of the diet 
were limited. This treatment will be described later. 

The antiscorbutic factor was introduced into the diet in the form of lemon 
juice treated according to the method described by Harden and Zilva [1918]. 
This solution has the advantage of containing almost all the antiscorbutic 
content of the lemon juice associated with little extraneous matter and can 
be used in very concentrated form if necessary. 

In studying the production of the antibodies the animals were fed on the 
restricted diet for several weeks, after which time they were immunised by 
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three injections of increased doses of organisms with an interval of 7 days 
between each injection. The animals were bled out a week after the last 
injection. The blood was then allowed to clot and centrifuged and the super- 
natant serum employed for the estimation of the agglutinin and amboceptor. 

The immunisation was carried out with the typhoid organism “‘ Simpson.” 
Young 24-hour cultures were emulsified for the purpose and the emulsion 
brought up to a dilution of 1000 million per cc. It was then killed by heating 
it at 60° for } hour. The same batch of emulsion which was kept in a refriger- 
ating room was used for each group of experiments. The animals were weighed 
on the day of the injection and their doses were calculated in proportion to 
their weight. All the doses were brought up in volume with saline to | cc., 
and were injected subcutaneously in the abdominal region. 

In estimating the agglutinins a “Simpson” typhoid emulsion containing 
2000 million organisms per cc. was used. The different dilutions of the sera 
and the emulsion were kept at a temperature of 37° for 1 hour and read off 
15 minutes after and again the following day. 

The amboceptor was estimated by means of the complement fixation. 
For that purpose } ce. of each dilution of the serum plus $ cc. of the “Simpson” 
emulsion of the same strength as that used for the agglutination plus } cc. of 
complement were kept for one hour at 37°, after which time to each tube was 
added 4 cc. of washed sheep’s blood corpuscles and $ cc. of haemolytic ambo- 
ceptor. The tubes were then kept for another hour at 37° and removed to the 
refrigerating room until the following morning, when the readings were taken. 
With each set two control tubes containing 1 in 25 serum without emulsion 
and a double quantity of emulsion, namely 1 cc., without serum were also 
set up. On each occasion a stock antityphoid serum was titred out for 
agelutinins and complement fixing bodies to demonstrate the activity of the 
reagents employed. 

For the complement fresh guinea-pig serum diluted 54, with saline was used. 
The haemolytic amboceptor was titrated the day of the estimation and double 
the registered strength necessary for haemolysis was employed. 

Before proceeding with the experiments it was necessary to show that by 
injecting normal guinea-pigs and rats with the “Simpson” typhoid emulsion 
the production of agglutinins and amboceptor could be effected. It was also 
necessary to ascertain the number of injections required for the production 
of suitable quantities of agglutinins and amboceptor normally so that a 
restricted production of these antibodies could be demonstrated by comparison. 
For that purpose the following experiment was carried out. 

Rat No. 55, weighing 54 @., received an injection of 1 cc. containing 40 
million “Simpson” typhoid organisms, and was bled out a week after the 
injection. 

Rat No. 56, weighing 46 ¢., received an injection of 1 cc. containing 40 
million organisms and a week after another cc. containing 80 million organisms 
and was bled out a week after the second injection. 
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Guinea-pig No. 313, weighing 402 ¢., received an injection of 1 ec. con- 
taining 250 million organisms, and was bled out a week after the injection. 

Guinea-pig No. 314, weighing 383 g., received an injection of 1 ce. contain- 
ing 250 million organisms and another injection of 1 ce. a week after containing 
500 million organisms. A week after the second injection this animal was bled 
out. Table I gives the agglutination and amboceptor titres of the above 
animals. 


Table I. 
In this and all the other tables +- indicates agglutination or lysis. 


Agqglutination. 


1/25 1/50 1/100 1/200 1/400 1/800 1/1600 1/3200 
Rat 55 (one injection) +--+ oe +++ ++ t = a 
Rat 56 (two injections) +++ +++ +++ oe t+ +4 ea = 
Guinea-pig No. 313 ++4 ean b+ ++ = zs 
(one injection) 


Guinea-pig No. 314 +4+4 pate f- poe! Heater ee si at = 
(two injections) 
Stock antityphoid L4 ++ t+ tr Et at 
serum 
Amboceptor. 
1/25 1/50 1/100 =1/200 ~=1/400~—-'1/800 —:1/1600 
Rat 55 (one injection) = +++ sparse arate SPARSE PSPS staglaats SPs ar 
Rat 56 (two injections) - == “Es Speier staat APSE SE qRaP ar 
Guinea-pig No. 313 bry) apis mem Cape ras fy trains \iaparen yearerae)  qear te 


(one injection) 

Guinea-pig No. 314 - 
(two injections) 

Stock antityphoid — - _ = = ss ar 


oh 


ttt +44 4F44+ +44 


It is seen from the above table that both in the normal guinea-pig and rat 
a very marked production of agglutinins was achieved with two injections. 
The amboceptor production did not respond so well but a decided change in 
the titre was effected with two injections. It was, therefore, decided to submit 
the experimental animals in this investigation to three injections with an 
interval of one week. The strength of the doses was to be calculated according 
to the body weight and was to be as follows: first injection 1 million organisms 
per g. body weight, second injection 2 million organisms per g. body weight, 
and third injection 4 million organisms per ¢. body weight. Lower dilutions 
of the serums, namely + and ;i5> Were also to be titrated for the amboceptors. 

As all the deficiency diets investigated could not conveniently be tested 
together, the experiments were divided into various sets. Several animals 
were put on each diet and their blood was pooled in order to obviate the 
error of idiosyncracy. To make conditions as nearly as possible equal the 
weights, sex and colour of the animals of each set were kept the same. Hach 


—, 
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set had a group of rats on a control diet which was theoretically complete 
and the daily ration consisted of the following ingredients: 


Basal mixture 10-6 g. 
Puritied butter 1 es 
Autolysed veast bat. 
Olive oil 0:25 ,, 
Antiscorbutic equivalent to lemon juice Oy Ae: 


The basal mixture was made up of 75 % of starch, 20 °% of caseinogen and 
5 % ot salts. 

The above diet contains all the known accessory factors. For the sake of 
convenience, the fat-soluble A, the antineuritic and the antiscorbutic factors 
will be referred to in this communication as A, B and C respectively and the 
theoretically complete control diet as the ABC diet. 


425 
gino 


325 


The first thing to ascertain was how rats fed on an ABC diet respond to 
injections in agglutinin and amboceptor formation in comparison with rats 
fed on an‘ordinary mixed diet. Two groups of rats each containing 3 animals 
were employed in this experiment. One group received an ABC diet, the other 
was fed on a mixed diet consisting of cabbage, boiled potatoes, scraps of bone 
and meat, biscuit meal, bread, carrots and boiled rice. After having subsisted 
for 6 weeks on the above diets the animals were immunised and bled out 
9 weeks after the commencement of the experiment. The group receiving the 
ABC diet yielded 8 ce., the other group 9 cc. of blood. As will be seen from 
Fig. 1, which represents the growth curves of the two groups, the animals in 
both groups gained well in weight and the final weights were about the same 
in both cases. The increase in weight of the mixed diet group, however, was 
more erratic than that of the 4BC group, which was most probably due to 
the lack of well-balanced uniformity in the diet of the former group, the 
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animals of which were left to choose their food from the offered mixture 
by instinct. 

Table LI gives the agglutination and amboceptor titres of the two groups. 
In both groups there was a very marked production of agglutinins and ambo- 
ceptor, especially of the former, so that any differential production of these 
antibodies could not be missed. There is, however, no marked differentiation 
to be observed in the production of either of the antibodies. There is a slight 
difference in the amboceptor titres of the two groups, but it is of an order 
that may be neglected. 


Table I. 


Agglutination. Amboceptor. 
1/800 1/1600 1/3200 1/10 1/25 1/50 1/100 1/200 1/400 1/800 1/1600 
ABC purified ot <7 = = = 4 spar ponies) | apaear | ator rr th 
diet 
Mixed diet bp + + sree Sar te sear SESP Sr apap ar sparse 
Stock anti-ty- oho qearse Par = = = = = + FSF 


phoid serum 


Having ascertained that rats fed on an ABC diet respond to injections 
in the formation of agglutinins and amboceptor under the conditions de- 
scribed equally well as rats fed on a good mixed diet, it was possible to employ 
this diet as a control in the study of the various deficient diets. 

It was previously mentioned that it has been definitely established that 
the inorganic constituents of the food are indispensable for existence. Lately 
Osborne and Mendel [1918] made a detailed study of the influence of various 
inorganic elements in nutrition and found that calcium and phosphorus were 
the only elements which when singly reduced to very low limits had a retarding 
effect on the growth of rats. In the present investigation the study of the 
influence of a deficiency of iron, calcium, potassium, phosphorus, chlorine 
and sodium on the production of the immune bodies was attempted. For this 
purpose in devising the diets precautions had to be taken in order to reduce the 
presence of the respective elements toa minimum. This was accomplished in 
all the cases with the exception of the sodium and chlorine, in which owing to 
an oversight the amounts of those elements consumed were rather higher than 
was intended. In all the groups wheaten starch was used as it was found to 
be fairly free from the inorganic constituents under investigation. Caseinogen 

_was employed for the protein portion of the diet -with the exception of the 
group which received a phosphorus-free diet, in which case egg-white was 
used instead. The egg-white was obtained from a commercial firm and did 
not contain any phosphorus. 

The autolysed yeast could not be used in the ordinary way to supply the 
antineuritic factor as it contained a good proportion of the inorganic constitu- 
ents of the yeast. It was, therefore, treated in a manner which reduced its 
salt content to a minimum. The procedure was as follows. Five parts by 
volume of autolysed yeast were mixed with 95 parts of absolute alcohol and 
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well stirred. A viscous precipitate containing mostly proteins and their 
degradation products and salts was formed. This was filtered off vielding a 
clear yellow-coloured filtrate. The alcoholic filtrate was then evaporated to 
dryness in vacuo at 40° and the residue obtained dissolved in a volume of 
distilled water equivalent to the original juice. This solution was tested on 
a polyneuritic pigeon and was found to be active. 3 cc. of this active solution 
was given in the daily ration and was sufficient to keep a control group of rats 
in good health. The treated lemon juice which was used to supply the anti- 
scorbutic factor in the diet contained so little inorganic matter that it could 
be neglected. The purified butter with the exception of the sodium chloride 
adhering to it contained little inorganic matter. Unfortunately the sodium 
chloride supplied by this source, although very low, was overlooked and, 
as has already been mentioned, made the diets intended to be deficient in 
these elements contain rather significant traces of sodium and chlorine. The 
inorganic constituents of the various diets were made up as follows: 


Table ITT. 
Diet low in Iron Diet low in Calcium Diet low in Potassium 
s- g g- 
NaCl aoe oe 4-6 4-6 4-6 
MgSO, (anhydrous) 7-4 7-4 7-4 
NaH,PO, i 9-4 9-4 O-4 
2h) 25-8 25-8 — 
CaH,(P0,), —~ --- 14-6 = 14-6 
Ca lactate —..... 35:3 _ 35:3 
Ferric citrate... — 32 3-2 
All the above were made up with starch to 100 g. 
Diet low in Sodium. 

KCl... sin = 6-0 CaH,(PO,), ae 14-6 

MgSO, (anhydrous) TA Ca lactate ... BP 35°3 

KE HPOI 2 aie 25:8 Ferric citrate 55: 3-2 

: Made up to 100 g. with starch. 

Diet low in Chlorine. 

MgSO, (anhydrous) 7-4 CaH, (PO,), as 14-6 

NaH,PO, ... sas 9-4 Ca lactate ... ae 35°3 

KSHE Oe a2 ane 25-8 Ferric citrate aes 3-2 

Made up to 100 g. with starch. 
Diet low in Phosphorus. 

NaCl =f oa 4-6 CaCO, oe se 6-3 

MgSO, (anhydrous) 7-4 Wa.CO,. os. ee 4-2 

K,CO, a Ss 20-0 Ferric citrate as 3-2 


Ca lactate ... a 35°3 
Made up to 100 g. with starch. 
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The basal mixtures for these experiments consisted of 80%, of starch, 
20 % of protein and 5 °%, of the respective salt mixtures. The diets were made 
up in the same proportions as the 4 BC diet with the exgeption that only 3 ce. 
of the treated autolysed yeast was given. 

Samples of the diets were analysed for the various elements with the 
following results: 


¢ 
Diet low in iron Absent 


‘> >» Calcium ..: 0-014 % 
potassium ... Undeterminable traces 
sodium a 0-014 °% calculated from Cl 
chlorine... 0:021'% 


phosphorus 0:05 % 


All the rats in this experiment received distilled water to drink and were 
housed in boxes containing perforated zine floors. It was not advisable to 
use sawdust in this instance as some of it might have been consumed with 
the food and thus formed a source for inorganic constituents. 

For convenience these experiments were divided into two sets. In the 
first set the deficiency of iron, calcium and potassium was investigated. In 
the second set the deficiency of sodium, chlorine and phosphorus was studied. 
Each set had a control group of animals. Each group of the first set consisted 
of five rats. These animals were kept 85 days on the experimental diets. 
The group on diet lcw in Ca yielded 16 cc., in K 20-5 ec., in. Fe 21-5 ce. and the 
control 19 cc. of blood. Fig. 2 shows that the animals receiving the diets 
deficient in Fe and K grew almost as well as the control group of rats, although 
the K group showed a slight decline towards the end of the experiment. On 
the other hand, the group deficient in Ca showed a decided restriction in their 
development. By examining Table IV it will be seen, however, that the agglu- 
tinins and amboceptor titres are almost identical in all the groups. 

The second set of animals had 3 rats in each group. It will be seen from 
Fig. 3, that although the groups deficient in sodium and chlorine developed as 
well as the control in this set, the group receiving the diet low in phosphorus 
not only failed to show any growth but actually declined. In order to obviate 
the loss of the animals in this group the experiment was terminated after 
54 days. The following quantities of blood were obtained. The sodium group 
yielded 9 cc., the chlorine 10 cc., the phosphorus 9 cc. and the control 9 ce. of 
blood. It is to be noticed that the phosphorus group although the lightest in 
weight yielded as much blood as the other groups. By examining Table V it is 
seen that no differentiation in the agglutinins and amboceptor formation in 

the groups which received the diets deficient in Na and Cl could be observed. 
The animals which were fed on the diet low in phosphorus showed a decidedly 
lower titre in the agglutinins and amboceptor. In fact hardly any amboceptor 
formation took place in this group. As will be seen from the other experiments 
which follow, this was the only group that showed a lower amboceptor titre. 
In arranging the above diets it was impossible to eliminate from the basal 
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salt mixture any one element without at the same time altering quantitatively 
the content of some of the other constituents. This alteration was not of an 
important character as care was taken not to establish a second deficiency, 
and in view of the results obtained it ¢an be ignored. 


Table LV. 


Agqglutination. Amboceplor. 
1/800 1/1600 1/3200 1/6400 1/25 1/50 1/100 1/200 1/400 
Control diet +--+ +++ b+ + + - f+} eyealerts eres fae 
Ca-free diet +tb +++ +44 +44 - + +++ +++ +++ 
K-free diet Sima: t+ = _ 4-4 + +} etaeleete a es 
Fe-free diet ttt +++ ++ - - th +++ +4++ +44 
Stock antityphoid +++ ttt  +4++ +44 - - - - state 
serum 
Table V. 
Agglutination. 


1/200 1/400 1/800 1/1600 1/3200 1/6400 1/12800 


Control diet... see EE SRP AP FAP ar aoets a4 starts 3F 
Diet low in phosphorus +++ eae + trace - - - 
Diet low in sodium .... +++ eats +++ +++ soe ar = 
Diet low in chlorine .... +++ Raa Ear SE TPanar Rar + = 
Stock antityphoid ~-.0 Ge ease ea ++ ++ + 

serum 

Amboceptor. 
1/5 1/10 1/25 1/50 1/100 =1/200 =1/400 =1/800 ~—-:1/1600 
Control diet 4 ou ++ +++ ,trace +++ 444+ +44 +44 
+++ 

Diet low in trace trace 

phosphorus +++ +++ +++ +++ 444+ F4++ 444+ 44+ 444 
Diet low in trace 

sodium - - L + +++ +++ 444+ +44 +44 
Diet low in trace 

chlorine = = ok seapay McRae) crams | param eeceae | 28SP 5 
Stock antity- 

phoidserum = — - ~ ~ - + ++ ++ +4 


On examining the composition of the diet low in phosphorus it is seen that 
two other factors were also altered. The salt mixture was slightly more 
alkaline owing to the higher content of the carbonates of sodium and potassium 
which replaced the phosphates of those salts, and the caseinogen was replaced 
by egg-white, which from observations made in control experiments does not 
seem to be as good a source of protein as caseinogen. As the result obtained 
with this group is interesting the subject will have to be studied further 
before definite conclusions can be arrived at. 

The next thing to be investigated was the influence of diets deficient in 
certain amino-acids on the production of the antibodies in question. Two sets 
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of experiments were devoted to this subject. In the first set a low intake of 
caseinogen was studied, in the second the action of gliadin as the sole source 
of protein in the diet. 

Osborne and Mendel [1915] were the first to demonstrate that if caseinogen 
formed 18 % of a diet it was adequate to ensure normal growth in rats; if, 
however, the content of that protein in the diet was reduced to 9 % the rate 
of growth of the animals was greatly impaired. The explanation was advanced 
that cystine was the limiting factor, caseinogen having a low cystine content. 
When it forms as much as 18 % of the diet the amount of cystine supplied 
through its medium is sufficient to satisfy the requirements of the animals, 
when, however, it forms only 9 °% of the diet the amount of cystine consumed 
becomes deficient and manifests itself by the restricted growth of the animals. 
This explanation was confirmed by the fact that the addition of cystine to a 
low caseinogen diet raised its nutritive value to the same level as that of 
lactalbumin. 
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In order to study the deficiency of cystine, diets of low caseinogen content 
were used in this investigation. Three groups of rats receiving 20%, 12% 
and 8 % respectively, were used. With the exception of the varied quantities 
of the caseinogen and starch the diets were in other respects similar to the 
ABC diets. Six animals were started in each group, but only two survived 
in the group receiving a diet with 8 % of caseinogen. Fig. 4 gives the weight 
curves of the three groups. It is seen that the group which received the 8 % 
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caseinogen diet did not grow at all. The group fed on the 12 % caseinogen 
diet grew but did not do as well as those on the 20 °% diet. When killed 23 ce. 
of blood was collected from the group of six rats fed on the 20 % caseinogen 
diet, 15 ee. from the group of six rats which received 12 % diet, and 45 ce. 
from the group of two rats which survived on the 8 % diet. Table VI shows 
that no marked difference can be observed either in the agglutinins or in the 
amboceptor formation of the three groups in spite of the restricted growth 
which the groups receiving 12 % and 8 % of caseinogen manifested. 


Table VI. 
Agglutination. Amboceptor. 
1/800 1/1600 1/3200 ~—-1/10 1/25 1/50 1/100 ~—-:1/200 
Diet containing 20% +++ +++ ++ - + +++ +44 +44 
caseimogen 
Diet containing 12 % +++ +++ - - + +++ +++ -t 
caseinogen 
Diet tontaining 8 % +++ ++ - - ++ +++ +++ +++ 
caseinogen 
Stock antityphoid ras qa apap Sr = - + ++ +++ 
serum 


According to Osborne and Mendel [1914, 1916], gliadin as. the sole 
protein in a diet suffices to maintain rats, but is insufficient to promote 
growth in young animals unless it is supplemented by lysine, an amino-acid 
which this protein does not contain. The influence of gliadin was studied in 
this investigation on a set of rats containing one group receiving an ABC diet 
with caseiogen as the protein and another group having the caseinogen 
replaced by gliadin. 

The gliadin was prepared from wheat flour by the method described by 
Osborne [1910]. The product was precipitated twice with water and once 
with absolute alcohol and was thus carefully purified. The basal mixtures in 
these experiments were made up as follows: 


Control diet. 
Starch 77 %, Caseinogen 18 %, Salts 5%. 


Gliadin diet. 
Starch 77 %, Gliadin 18 %, Salts 5%. 


The above basal mixtures were mixed with the necessary ingredients in 
proportion already described to form an ABC diet. 

The weight curves of the two groups (Fig. 5) show that rats which were 
fed on the gliadin diet failed to grow, thus confirming the observations of 
Osborne and Mendel. Six animals were started in each group, but only four 
survived in the ghadin group and consequently the blood of four animals in 
each of the above groups was pooled for examination. These rats were im- 
munised after 38 days instead of 6 weeks as it was feared that more animals 
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in the gliadin group might die if the experiment were prolonged. The animals 
in the gliadin group yielded 9 cc. of blood, the four animals in the control 
group yielded 16 cc. of blood. Table VII shows that the gliadin diet made 
no difference to the agglutinin and amboceptor production, although the 
animals in this group showed no growth owing to the restriction in the diet. 
The view that the nutritive restriction of gliadin is due to the lack of lysine 
is not altogether supported by the observations of McCollum, Simmonds and 
Pitz [1917] and Geiling [1917]. The former found that when maize kernel, 
which is poor in lysine, is supplemented by gelatin, which is very rich in that 
amino-acid, the nutritive value of the maize is not enhanced. The latter is 
led to believe by his investigation that lysine is not indispensable for existence 
of the mouse. Whatever the deficiency of gliadin may be due to it does not 
inhibit the production of agglutinins and amboceptor. 
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Table VII. 
Agglutination. Amboceptor. 
1/800 1/1600 1/3200 1/6400 1/100 1/200 1/400 1/800 = 1/1600 

Control diet +++ + —— -_ = ae SE Tee p44 saree 

containing 

18 % casein- 

ogen 
Diet contain- +++ aE ae = = = qeieae GET ARE) PS e apap Ponaa 

ing 18 % 

gliadin 
Stock antitye +++ +++ ++ = - = + iets ene: 


phoid serum 


188 S. S. ZILVA 


The following sets of experiments were devoted to the investigation of the 
influence of the lack of the accessory factors. Observations were carried out 
on animals subsisting on diets deficient in the antineuritic, fat-soluble A, and 
antiscorbutic factors. McCollum and Davies have revealed by their researches 
that rats lacking the antineuritice factor in their diet fail to grow and die after 
about 6 weeks, often manifesting decided neuritic lesions. This was confirmed 
by Drummond [1917] and by Harden and Zilva [1918, 2]. If these animals are 
deprived of the fat-soluble A factor they may show a certain amount of growth 
during the initial stage of the experiment, but eventually also cease to develop 
and die. In most of these cases the animals display a condition of the eyes 
resembling xerophthalmia. Although rats do not actually manifest scorbutic 
lesions when kept on a scorbutic diet there seems according to Harden and 
Zilva [1918, 2] and Drummond [1919] to be evidence that they do not thrive 
as well on such diets as they do when the antiscorbutic factor is supplied. The 
standard ABC diet used in these experiments contained all the three factors. 
The AB diet was deprived of the treated lemon juice, the BC diet of the butter 
fat, and the AC diet of the autolysed yeast. They were made up as follows: 


AB diet daily ration. 


Basal mixture 300 Soc 10 g. Autolysed yeast 50 so 2 5 c.c 
Purified butter eh bio 1-85 g. Olive oil 2:5 c.c 
BC diet daily ration. 
Basal mixture Bae Ae 12 ¢. Antiscorbutic, equivalent to 
Autolysed yeast 5 ¢.e. lemon juice... 50 300 DGC: 
Olive oil ae 566 506 0-75 c.c. 
AC diet daily ration. 

Basal mixture 305 300 10g. Centrifuged butter fat 58¢ 18¢ 
Antiscorbutic, equivalent to Olive oil 500 50¢ 506 1l6¢ 


lemon juice ae sec Osc: 


The basal mixtures in all the above diets were of the same composition as the 
control ABC diet already described. 

As these experiments were intended to last 9 weeks the majority of the 
animals subsisting on the BC and AC diets would by that time have succumbed 
to the deficiency and thus frustrated the object of the experiment. It was, 
therefore, found necessary to add at times small quantities of butter and auto- 
lysed yeast to the respective groups in order to prolong the existence of the 
animals, but the quantities of these addenda had to be of an order insufficient 
to promote normal growth. It will be seen from Fig. 6 that the 4BC group 
grew best, the 4B group did almost as well, while the BC group and more so 
the AC group show restricted development. Both these groups exhibited the 
characteristic appearance of animals existing on restricted diets. Five 
rats were used in each group of this experiment. By examining Table VIII 
it is seen that there was no change in the amboceptor production, but the 
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agelutinin titres showed a great variation, none of the groups receiving the 
deficient diets producing as much as the control group. Taking this as an 
indication that the absence of the accessory factors from the diets influences 
the agglutinin production in the animals it became desirable to repeat the 
experiment. A set of animals, therefore, similar to the above were again 
submitted to the same treatment as the first, but as will be seen from Table 
IX no differentiation in the agglutinin titres was obtained the second time. 
This would suggest that the impaired agglutinin formation could not be 
ascribed to the consumption of the deficient diets. Another experiment about 
to be described gives further support to this view. 
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Table LX. 


Agglutination. Amboceptor. 
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It has already been mentioned that rats kept on a scorbutic diet do not 
show scorbutic lesions. It was, therefore, of interest to study the influence of 
the antiscorbutie deficiency on the production of the antibodies in guinea-pigs, 
which are very susceptible to scurvy. These animals, if kept on a scorbutic 
diet, manifest signs of scurvy after about 9 days and succumb to the disease 
about a month after. After about 15 days these animals usually cease to grow, 
and eventually decline in weight. It is possible by administration of small 
doses of antiscorbutics just to maintain the weights of the guinea-pigs and 
keep the animals alive in this way for months. Animals in such a condition 
are decidedly scorbutic, as can be proved by chloroforming them and holding 
a post mortem examination. By taking advantage of this fact it was possible 


1/1600 


to investigate the subject on guinea-pigs. Three groups of guinea-pigs were | 


employed in this experiment. One group received a basal diet of oats and 
bran and 40 cc. of autoclaved milk and occasional doses of orange juice given 
per os at intervals sufficient to maintain the weight of the animals constant. 
The second group received a quantitatively restricted mixed diet containing 
plenty of antiscorbutics. The food was given in quantities sufficient to main- 
tain the weights of the animals, but insufficient to permit growth. It consisted 
of a daily ration of 5 g. of cabbage, 10-20 g. of bran and 30 cc. of fresh milk 
containing 10 ce. of treated lemon juice. The third group received oats, bran, 
milk, cabbage and roots ad lib. All the animals were kept 73 days on their 
diets. The animals received 250 million organisms in the first, 500 million in 
the second, and 1000 million in the third injection per 400 g. of body weight. 
Fig. 7 shows the weight curves of the three groups. Four animals were bled 
out in each group and the unrestricted mixed diet group yielded 48 cc., the 
restricted mixed diet group 31 cc. and the scorbutic group 26 cc. All the 
animals of the scorbutic group showed well-marked signs of scurvy, whereas 
all the animals of the other groups were entirely free from any trace of scorbutic 
lesions. The agglutination and amboceptor titres, which are represented in 
Table X, do not show any differentiation in the three groups. These results 
2o further to support the view that the impaired agglutinin production observed 
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in the first set of rats fed on the diets deficient in the accessory factors was not 
due to the diet. 

It is well known that guinea-pigs form a good source of complement and 
it was of interest to ascertain whether, if these animals are restricted in their 
diet, the complement activity of their blood is impaired. The blood of the 
animals of the three groups described above was therefore tested for its 
complement content. Varying quantities of the serums were added to tubes 
containing a haemolytic amboceptor and washed blood corpuscles. As 
Table XI discloses, no variations in the titre could be observed, thus showing 
that the bloods of the three groups were of almost the same activity. 
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Another set of experiments on the subject was instituted with the object 
of ascertaining whether a longer period of dietetic restriction would influence 
the activity of the complement. 


4000 


Fig. 8 


Two groups of six guinea-pigs each, kept on the experimental diet for 
202 days, were investigated. One group received a quantitatively restricted 
mixed diet and was of the same nature as the one described above. The other 
group received a mixed diet ad lib. Fig. 8 shows their weight curves which 
are similar in character as those of the previous experiment. At the end of 
the experiment these animals were bled out and their blood was pooled. The 
restricted mixed diet group yielded 67 cc. and the unrestricted mixed diet 
group 111 cc. of blood. As will be seen from Table XII the prolonged dietetic 
restriction did not influence the complement content of the blood of these 
animals. 
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CONCLUSION. 


Of all the groups of animals tried on the various deficient diets only the 
group which received a diet deficient in phosphorus showed a decidedly 
poorer response to the inoculations in the production of amboceptor and 
agglutinins. One set of animals subsisting on diets deficient in the accessory 
food factors showed a low production of agglutinins only, but as this did not 
agree with the results obtained on guinea-pigs fed on a scorbutic diet this 
particular experiment was repeated. The results obtained on repetition 
failed to confirm the differential production of the agglutinins in rats fed on 
diets deficient in the accessory food factors. On the other hand, the majority 
of the groups of animals fed on deficient diets failed to show any difference 
in the production of both agglutinins and amboceptor. This becomes more 
remarkable when it is seen that some of the groups owing to the dietetic 
deficiency manifested very restricted growth or no growth at all and were 
altogether in a much poorer condition than the control animals. It is true 
that none of these experiments has been repeated, but we have several 
instances in this investigation where owing to various nutritional deficiencies 
the animals have displayed a very inferior condition to the control rats fed 
on a theoretically complete diet and yet have shown no differential production 
of the antibodies. The results of the groups fed on the 12 % and 8 % casein- 
ogen diets, on the diet low in calcium and on the gliadin diet may be cited in 
this connection. It is, therefore, interesting that the group of animals fed on 
a diet low in phosphorus should be the only one showing a well marked 
differentiation in their agglutinins and amboceptor titres. This, of course, 
invites further investigation in order to establish the fact definitely. The 
results of the experiment can at present only be considered as an indication. 

This investigation has only dealt with two antibodies produced under 
certain definite conditions. What actual bearing these antibodies have on 
immunity is not well established, but evidently they have some unexplained 
indirect connection with it, as the Widal’s reaction seems to suggest in the 
case of agglutination. On the whole the subject is still very obscure. In the 
case of bacteriolysins it is known that as a result of infection or inoculation 
the corresponding bacteriolytic amboceptors are formed. This is demonstrated 
by bacteriolysis in vitro and in vivo; yet this bacteriolytic power of the blood 
of the organism does not remain, while the increased resistance to the disease 
is sometimes established for years. It is, therefore, plain that the actual 
capacity of the animal for antibody formation cannot be taken as a definite 
indication of the power to resist disease, although in conjunction with other 
observations it may give valuable information on the subject. A systematic 
study of the influence of nutrition on the production of immunity, although 
complex and laborious, is urgently called for and may not only prove to be of 
direct clinical value but may elucidate many obscure points in the complicated 
mechanism of immunity. 
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SUMMARY. 


The influence of deficient diets on the production of agglutinins and ambo- 
ceptor in rats was investigated. 

The following deficiencies were studied. 

1. Diets low in iron, calcium, potassium, sodium, chlorine and phosphorus. 

2. Diets containing 12 % and 8 % of caseinogen as a source of protein. 

3. Diets containing 18 °%, of gliadin as the sole source of protein. 

4. Diets deficient in each of the three accessory food factors. 

Although several of the deficiencies became manifest by the restricted 
growth and the poor condition of the animals, no differentiation in the titres 
of the agglutinins and amboceptor could be recorded, except in the group 
receiving the diet low in phosphorus. Guinea-pigs fed on an unrestricted 
mixed diet, quantitatively restricted mixed diet and a scorbutic diet showed 
no differentiation in the amboceptor and agglutinin titres, and in the com- 
plement activity of the blood. 

Guinea-pigs kept on an unrestricted mixed diet and a quantitatively 
restricted diet for about 6 months showed no differentiation in the complement 
activity of the blood. 

In conclusion I wish to express my gratitude to Dr H. Schiitze for the 
valuable help and advice he has given me in connection with the bacteriologi- 
eal work of this investigation. Dr Schiitze has been good enough to check 
independently all the readings of the agglutinin and amboceptor titres. 
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XXI. THE NOMENCLATURE OF BLOOD PIG- 
MENT AND ITS DERIVATIVES. 


By WILLIAM DOBINSON HALLIBURTON anp OTTO ROSENHEIM. 
From the Physiological Laboratory, King’s College, London. 


(Received May Sth, 1919.) 


ALTHOUGH a clear knowledge of blood pigment and its derivatives is essential 
to the student, teaching experience has shown how difficult it is to impress 
so many details upon his mind, and this is mainly because the present nomen- 
clature requires a mnemonic effort on his part. It is perplexing because it 
does not logically express the relationship between the natural pigment and 
its derivatives. The reason for this state of things is partly the gradual 
acquisition of knowledge of these relationships, and partly the arbitrary 
way in which names were chosen by Hoppe-Seyler, whose authority at the time 
was sufficiently great to force his nomenclature into the scientific literature 
of his own and other nations. 

Hoppe-Seyler cannot be acquitted of the charge of having ignored, as 
regards nomenclature, the claims of previous observers. Of this we may take 
the following examples. 

(i) Stokes [1864] in the same paper in which he described the discovery 
of the spectrum of reduced blood-pigment, proposed on Professor Sharpey’s 
suggestion the name “cruorin” and “reduced cruorin” (scarlet cruorin and 
purple cruorin). Four years later Hoppe-Seyler | 1868] confirmed this discovery 
in the third part of his full paper on blood pigments. In some previous pre- 
liminary communications he had used Berzelius’ old name “haematoglobu- 
lint,” shortened sometimes into “haemoglobin.” Under the influence of 
Stokes’ discovery he was obliged to use a second term and employed the some- 
what clumsy name “oxyhaemoglobin,” promiscuously with haemoglobin, in 
the second edition of his text-book (1865). He was thus enabled in 1868 to 
ignore Stokes’ nomenclature, especially since Stokes made no further com- 
munication on the subject. 

(ui) To Thudichum [1867] belongs the credit of having first illustrated 
and described the spectrum of the pigment obtained by the action of con- 


* From Liebreich’s original manuscript notes of Hoppe-Seyler’s lectures in 1863-64 (in the 
possession of one of us [O.R.}) it is evident that Hoppe. as he was then called, used at that time 
the term “‘haematoglobulin” exclusively. 
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centrated sulphuric acid on blood pigment which he called “cruentine.” 
This fact is not even mentioned by Hoppe-Seyler [1871] when he re-labelled 
this substance “haematoporphyrin.” 

(ui) A further instance is the introduction of the term “ haemochromogen” 
to which we shall return directly. 

A nomenclature logically expressing the relationship of these substances 
would start from a short name for the iron-free pigment, and designate its 
precursors containing iron, protein, and oxygen by suitable prefixes. But an 
attempt to remodel the nomenclature drastically on such lines (however 
desirable it would be) would only lead to confusion, for the Hoppe-Seyler 
nomenclature is at present firmly established in physiological literature. A 
recent attempt to remodel anatomical nomenclature in a wholesale manner 
has for corresponding reasons proved to be a failure. 

In one point, however, a change is possible, and strongly indicated. The 
name “haemochromogen,”’ one of the greatest stumbling blocks of the student, 
should be deleted. The reasons for this are two: first, it is misleading, and 
secondly it is unnecessary. 

It is misleading because the substance is not a “chromogen” in the 
modern sense, but a coloured substance. The term, therefore, is ill-chosen, 
and does not in the least indicate its nature. 

It is unnecessary because it was adopted to replace another term intro- 
duced by its discoverer, and this original name (reduced haematin) has not 
only priority, but expresses its nature. It was Stokes [1864] who discovered 
that “brown” alkaline haematin is changed by reducing agents into “red” 
reduced haematin possessing a characteristic spectrum. Stokes not only 
discovered the spectrum of reduced haematin, but was also the first to suggest 
its use for forensic purposes, so characteristic is it, even when the substance 
is present in minute quantities. It was not until seven years later that Hoppe- 
Seyler [1871] confirmed Stokes’ observation, but gave the substance in ques- 
tion the name of haemochromogen, although he admitted that haemochromo- 
gen in alkaline solution is identical with the reduced haematin of Stokes. 

The reasons for the adoption of the new term urged by Hoppe-Seyler, are 
in Gamgee’s words [1880]: 

“Haemochromogen is a mere product of decomposition of haemoglobin, 
whilst haematin is an oxidised product of decomposition.” 

This appears to be a verbal quibble and its justification is entirely lost 
since even Hoppe-Seyler seems to have dropped his claim of having obtained 
the substance in crystalline condition directly from haemoglobin [see note by 
Thierfelder, 1903]. 

Nearly half a century has elapsed since the introduction of the word 
haemochromogen, and during this time no evidence has been brought forward 
to show that reduced haematin and haemochromogen are not one and the 
same substance. The time has arrived when it is no longer necessary to over- 
burden the nomenclature with a special name. No special name has been found 
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necessary for reduced haemoglobin; one of us who writes text-books intends 
in the future to use Stokes’ original term, as it is not misleading and ex- 
presses the logical relation of the substance to haematin, or, as it will now be 
necessary to call it, oxy-haematin. 

The suggestion is not entirely a new one; Preyer [1871], Linossier | 1887], 
and Abderhalden [1912] have made similar protests. 

If this small amendment is made in the nomenclature, we feel sure of its 
benefit to students, for the relationship of the pigments can then be expressed 
by the following simple scheme: 


Oxy-haemoglobin ( = Oxy-haematin 
j | = Haemato- 
— Reducing agents - minus Protein} Reducing agents porphyrin 
, | : and iron 
Reduced haemoglobin = Reduced haematin } 


As reducing agents the most frequently employed are either ammonium 
sulphide or ferrous ammonium tartrate, both originally introduced by Stokes 
[1864]. Both have disadvantages which it is unnecessary to recapitulate 
here, for they are well known to those who conduct classes of practical 
physiology. But perhaps the greatest disadvantage they possess is that, unless 
very carefully applied, the colour change from arterial to venous blood is not 
convincing to the junior student. We recommend a solution of sodium hydro- 
sulphite (Na,S,0,) as an excellent reducing agent for this purpose. One drop 
of a 10 per cent. solution is quite sufficient for a test-tube full of dilute oxy- 
haemoglobin, or oxy-haematin, such as is used in spectroscopic examinations 
of these substances. The solution itself is colourless, the application of heat 
is unnecessary, the colour change is immediate and the spectrum is not dis- 
turbed by secondary reactions. The employment of this reagent is not new 
and it seems to have been used about fifty years ago by Schiitzenberger, its 
discoverer. He, however, knew the substance only as an unstable solution 
which had to be prepared from sodium bisulphite by reduction with zine. 
The substance is now manufactured on a large scale in this country for the 
dyeing industry and is obtainable as a dry powder which keeps well. It has 
the advantage of cheapness over equally satisfactory reducing agents such as 
hydrazine or hydroxylamine. A 10 per cent. solution of it remains active 
for many days when kept in a dropping bottle with vaselined stopper. 


SUMMARY. 


It is suggested that the misleading and unnecessary word haemochromogen 
be deleted from our vocabulary. Its original name, reduced haematin, should 
be used instead, and the substance hitherto termed haematin should now be 
called oxy-haematin. 
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This would bring the terms into line with reduced and oxy-haemoglobin 
respectively, and so make the student’s work easier in remembering the rela- 
tionship between blood pigment and its derivatives. 

The use of sodium hydrosulphite as a reducing agent is recommended. 
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AND GERMINATED SEEDS. 


By HARRIETTE CHICK anp ELLEN MARION DELF. 
From the Department of Experimental Pathology, Lister Institute. 


(Received May 15th, 1919.) 


Scurvy is always a menace to any community of people who are separated 
from adequate supplies of fresh food, whether in tropical or arctic climates. 
Such it proved to be to our army in Mesopotamia in 1915 and 1916 (Mesopo- 
tamia Commission Report, 1917), especially among the Indian troops. In 
consequence of this outbreak, a group of investigators in this Institute under- 
took an investigation of foodstuffs to determine their relative value as anti- 
scorbutics and especially to discover some effective material which could easily 
be transported and would not readily deteriorate. It has been known for 
centuries by practical experience of human diets, and has recently been 
proved experimentally | Holst and Froélich, 1912; Delf, 1918] that vegetables 
of high anti-scorbutic potency become useless for the prevention of scurvy if 
they are dried and thus rendered suitable for transport. 

The most likely solution of the problem had already been indicated by 
Fiirst [1912]. In the series of classical enquiries into experimental scurvy 
initiated by Holst in the University of Christiania, the work of Fiirst showed 
that anti-scorbutic stuff was developed in substantial quantity during the 
first days of germination of various seeds. Peas, beans and other pulses, con- 
taining as they do only about 10 % of water, are eminently suited for trans- 
port, do not readily deteriorate and can be germinated for use where and when 
required. They form moreover a large part of the ee ae of the Indian 
soldier. 

Experiments at this Institute with guinea-pigs on a diet consisting mainly 
of peas or lentils confirmed Fiirst’s results, and these preliminary trials were 
published in brief by Chick and Hume [1917] in whose paper directions were 
given for the germination of the dry seeds on active service. The subject 
appeared, however, to deserve more detailed examination, especially in respect 
of the anti-scorbutic value of germinated seeds in comparison with other 
foodstufis and of its destruction by ordinary methods of cooking. The work 
undertaken to complete and amplify the earlier trials is set out in the following 
pages. Protocols of the individual animal experiments are given in the tables, 
which in many cases contain results of the earlier and later experiments side 
by side. 
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I. KExXpPreRIMENTS OF FURST. 


. 


Guinea-pigs fed exclusively on cereals and water, the routine “scurvy 
diet” in Holst’s laboratory, die of acute scurvy in 20 to 30 days. Fiirst [1912] 
showed that when dry pulses were substituted for the cereals, scurvy also 
occurred, though in a less acute form, and life was to some extent prolonged. 
Thus five animals on a diet of dry yellow peas and water died of scurvy in 
29 to 55 days; on dry green peas three animals out of four showed definite 
scurvy in 57 to 64 days, while the fourth lived 131 days without signs of the 
disease. No growth occurred in any of these animals, which indeed lost weight 
considerably. Fiirst’s experiments with germinated seeds were made with 
barley, oats, peas and lentils. These were soaked in water for 24 hours and 
afterwards kept moist with access of air and allowed to germinate at summer 
temperature for two or three days, when sprouts were distinctly visible. In 
this condition the seeds showed distinct anti-scorbutic properties. Thus two 
animals fed on water and sprouted barley lived 52 and 92 days without any 
sign of scurvy and four animals on sprouted oats lived 35 to 78 days and only 
one had symptoms. With peas and lentils even better results were obtained: 
four animals on germinated green peas lived 143 to 182 days and four on 
germinated lentils 89 to 183 days without signs of scurvy. 

Growth of animals was also defective with germinated seeds, increase of 
weight taking place only with green peas. 

Fiirst also made the interesting observation that if germinated barley was 
dried at 37° the anti-scorbutic properties gained during germination were lost. 


Il. MrtTHODS ADOPTED IN THE PRESENT RESEARCH. 


The method used in this department in the study of experimental scurvy 
differs from that employed by Holst and his colleagues in two important 
points. In the first place the uneaten residues of food are ea and weighed 
each day, so that the actual intake of food is measured as Avell as the amount 
of the offered ration; this seems to us essential in any quantitative nutritional 
experiments. In the second place a daily ration of cow’s milk, autoclaved for 
one hour at 120° C. (to reduce its original content of anti-scorbutic vitamine to 
a minimum) is in many cases added to the diet to improve its nutritive value 
without appreciably affecting the supply of antiscorbutic accessory factor. 

In the earlier experiments, the basal diet of the guinea-pigs was water with 
oats and bran ad libitum, on which diet death from acute scurvy was found 
to take place in from 20 to 30 days. To this diet a weighed ration was added 
daily of the substance whose anti-scorbutic value was to be investigated. 
When peas or lentils, dry, soaked or germinated, were added to this basal diet, 
there was little or no growth, irrespective of whether scurvy was or was not 
prevented. The addition of autoclaved milk, however, helped to supply the 
missing growth-promoting substances. On a diet of oats, wheaten bran and 
autoclaved milk, normal growth and development took place if an adequate 
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amount of the anti-scorbutic factor were supplied in addition. When the 
supply of the antiscorbutic factor was inadequate, the initial growth was soon 
checked, scurvy symptoms were observed and death from scurvy occurred 
in a time only slightly longer than when the diet consisted of grain and water 
only. (See Table VI.) 

The symptoms of guinea-pig scurvy have recently been described in detail 
|Chick, Hume and Skelton, 1918; Delf, 1918] and it is unnecessary to recapitu- 
late them here. 

Dry “Clipper” brand green peas (Piswm sativum) and ordinary brown 
lentils (Lens esculenta), unsplit and unhusked, were selected for the experi- 
ments. The latter, as ““masoor dhal,” is a common article of the native 
Indian diet. Most of the work was done with whole lentils purchased in the 
ordinary market; they were obtained with difficulty as it is usual to mill, 
split or crush them before distribution, which practice almost completely 
destroys their capacity for germination [see Greig, 1917]. Husking of lentils 
ereatly improves their appearance, as the removal of the brown skin leaves 
a product orange pink in colour and of appetising appearance. 

The guinea-pigs used were young growing animals of about 320 to 350 g. 
weight. They were mostly bred in the Department, to obtain a regular stand- 
ard of health and vigour. 


Ill. ExprerRIMENTS SHOWING THAT DRY PEAS HAVE SMALL 
ANTI-SCORBUTIC VALUE. 


In our experience, young guinea-pigs cannot be induced to consume any 
considerable amount of either peas or lentils in the dried state. An attempt 
was made to overcome this difficulty by offering it in the form of meal. The 
dry peas were ground in a coffee mill and the resulting meal sifted free from 
the finer particles (which are apt to cake together in a sticky mass when 
wetted) and shaken free of the skins. The coarse meal thus obtained was 
moistened with water and allowed to stand for half an hour before being 
offered to the animals. It was not eaten rapidly, so that some, at least, of the 
meal was in the soaked condition for some hours before being actually con- 
sumed. Residues left over from a day’s ration were washed free from particles 
of the peat on which the animals were bedded, air-dried and weighed. 

Three animals were placed upon a diet of oats and bran ad lib., autoclaved 
milk to 60 cc. and 15 g. dried ground peas (Table I). In no case was this 
ration of pea-meal eaten regularly and the average amount consumed daily 
varied from 7 to 10g. One animal (349) died after 31 days with every symptom 
of acute scurvy. The other two (347, 348) developed scurvy which became 
chronic. No. 348 (B, fig. 1) consumed a daily average of 9-6 @. pea-meal; 
after 44 days it became lame, developed loose teeth and had to be fed daily 
by hand with milk and little pellets of the moistened pea-meal. It continued 
for a long time in this condition and when killed by chloroform at the end 
of 105 days was found to be fairly well nourished. There were, however, 
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extensive haemorrhages in the muscles both recent and of old standing, the 
bones were fragile and the rib junctions deformed. No. 347 (C, fig. 1) devel- 
oped swollen and painful joints after 21 days and after 30 days was very lame. 
Its ration of pea-meal, of which it had eaten about 8 g. daily, was then dis- 
continued and its place taken by a daily ration of 15 to 20 ce. of the juice 
expressed from dried tamarind, previously swelled in water; the rest of the 
diet remained as before. It lived 59 days on the tamarind juice without 
showing much change, further progress of the disease being arrested. It was 
then given pea-meal in addition, no improvement resulted and the animal 
was chloroformed after a further period of 15 days. The subsequent post- 
mortem and histological examinations indicated a condition of chronic 
SCUIvVY. 

It is evident from these results that some small degree of protection from 
scurvy may be derived from a daily dose of 8 to 10 g. of moistened pea-meal. 
In comparison with other anti-scorbutic materials it has, however, very little 
potency. Taking, as is our custom, fresh cabbage leaves as the standard, 
Delf [1918] has shown that young guinea-pigs can be protected from scurvy 
and maintained in satisfactory health on a diet of oats, bran, autoclaved 
milk and 1-5 g. fresh cabbage daily: with 0-5 g. definite symptoms of scurvy 
appear, varying in intensity in different guinea-pigs. It is evident, therefore, 
that an average daily ration of 9 g. pea-meal has a protective value less than 
that of 1-5 g. and about equivalent to that of 0-5 @. fresh cabbage: in other 
words, cabbage is about 15 times as effective as dry peas. The water content 
of dry peas is about 12 %, of cabbage about 90 %, so that on the dry weights 
8 g. of peas are about equal to 0-05 g. cabbage, a ratio of 160 to 1. 


IV. EXPERIMENTS SHOWING THAT PEAS AND LENTILS, AFTER SOAKING IN 
WATER FOR 24 HOURS, HAVE LITTLE ANTI-SCORBUTIC VALUE. 


During the process of soaking, the peas and lentils absorbed roughly their 
own weight of water and the soaked seeds contained 50 to 55 °% water, 
estimated by drying at 100 to 110°. It was difficult to coax the animals to eat 
large rations; in one case (No. 212), 30 to 40 ¢. daily were taken; in general, 
however, 15 to 20 g. soaked peas and 10 to 15 g. lentils was the limit that was 
voluntarily consumed. Lentils were eaten without preparation, but it was 
necessary to skin the peas before the guinea-pigs would eat them; this was 
done after the ration had been weighed out and involved a loss of about 10% 
in weight. 

In Table IT are given the results of experiments with dry green peas after 
soaking 24 hours in water at room temperature. Scurvy was prevented when 
a daily ration of 30 to 40 g. was consumed; with 15 to 30 g., scurvy occurred 
and although two animals out of six survived the three months of the experi- 
ment, they had poor health and made little or no growth. When the ration 
was reduced to 10 g. death from scurvy occurred as in control animals 
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(e.g. 91 and 92, which died from scurvy in 21 and 28 days). About half the 
animals received no milk, but the result as regards scurvy was not apparently 
affeeted by this. 

The case of 89 is interesting. Scurvy, developing on a 20g. ration of soaked 
peas, was cured when this ration was substituted by an equivalent weight of 
germinated peas. Guinea-pig 90 was cured in the same way. 

These experiments afford no evidence that soaked peas are better than 
dry peas. The dry substance of 9 g. dry peas is about equal to that of 18 g. 
soaked peas, and the effect of the two rations is not markedly different. 

Soaked lentils (Table IIT) have an anti-scorbutic value which is slightly 
ereater than that of soaked peas. Scurvy was prevented with a daily consump- 
tion of about 25 @.: with 15 to 18 g. scurvy was apparent but not severe, and 
412 and 415 survived the three months of the experiment and put on weight. 
On a daily consumption of about 9 g., death from severe scurvy occurred 
in 45 days with much loss of weight. All the animals received autoclaved 
milk. 

In comparing the value of peas and lentils, it should be noted that 10 g. 
of peas have an average of 30 seeds, and 10 g. of lentils have about 100 seeds. 


\. EXPERIMENTS SHOWING THAT GERMINATED PEAS AND LENTILS 
POSSESS CONSIDERABLE ANTI-SCORBUTIC VALUE. 


The peas and lentils after soaking in water for 24 hours were kept moist 
with access of air (conveniently in a large funnel) for about 48 hours at room 
temperature. The radicle was then usually about 1 cm. in length [see the 
figures in the paper by Chick and Hume, 1917]. The guinea-pigs ate the 
germinated seeds more readily than when they were merely soaked, though 
they seemed unable to take more than about 15 g. of lentils daily, whether 
raw or cooked: with peas, 20 to 30 g. were eaten daily for two or three months 
without ill effect. 

Twenty-four animals received varying amounts of germinated peas 
(Table V). With a daily consumption of 10 g. and over there was satis- 
factory protection except in the case of one animal (315) out of ten. Out of 
six animals on a 5 g. ration, two died of some infection: four lived through 
the three months of the experiment; these grew fairly well and clearly 
received considerable protection, although they showed some evidence of 
scurvy when they were killed for examination. On 2-5 g. two died of acute 
scurvy in 37 and 53 days respectively and though the other two survived to 
the end of the experiment, both had the disease in a moderate degree. Four 
animals which ate daily 7 to 10g. of peas germinated in the dark were also 
well protected. 

With regard to the growth of these animals, it should be noted that most 
of those which had the larger pea rations were started with peas, oats and 
bran, but without milk. On this diet little growth was made. The addition 
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the different types of milk tried. Before this conclusion could be accepted as 
an established fact, it would be necessary to show that the diet was adequate 
as regards all other components, to a deficiency of which growth limitation 
could be attributed—such as the nature and quantity of (1) protein, (2) 
mineral salts, and (3) water-soluble growth factor. No. 3 is provided in abund- 
ance in a diet consisting of peas, oats, and wheaten bran, and it is probable 
that a ‘possible defect in any of these constituents as regards (1) or (2) will 
be made good by admixture with the others. The fact that in all these experi- 
ments without milk, weight was satisfactorily maintained is in favour of this 
conclusion. It is unfortunate that the point could not be quickly settled by 
observing whether normal growth takes place on addition to the diet of a 
small proportion of butter fat, cod liver oil, or other source of the fat-soluble 
growth factor—the guinea-pig being unable to tolerate pure fat given in this 
form. 

In case of the animals with the smaller rations of peas, 60 cc. of autoclaved 
milk was offered daily throughout the experiment and was as a rule well 
taken; in the absence of severe scurvy growth was made (Fig. 3, compare F 
and G). It seems, therefore, that a daily ration of 10 g. germinated peas with 
milk will prevent scurvy and assure good health and growth. The cure of two 
animals from scurvy by germinated peas has already been mentioned (see 
Table II). 

With germinated lentils (Table [V) complete protection was obtained with 
a daily consumption of about 10 g. and partial protection with 5 g., while 
with 2-5 g. definite symptoms developed in every case. In all cases life was 
substantially prolonged, even when scurvy was not prevented. 

With 10 g. of lentils no growth was made without milk but when auto- 
claved milk was added to the oats and bran, the weight rapidly increased 
(Fig. 4, B, after 30 days). The 2-5 and 5g. series had milk from the start 
and made good growth until symptoms of scurvy appeared. The history of 
the guinea-pigs with the smallest lentil rations was, however, unfortunately 
obscured by four of the six animals dying of intercurrent disease as is often 
the case when the diet contains only minimal amounts of an essential 
accessory factor. 

The results with germinated lentils are thus in accord with those for peas: 
in both cases a 5 g. daily ration seems to be just below, and 10 g. well above, 
the minimum required for protection. 

In Table VI are summarised the results of the foregoing experiments with 
peas and lentils. In the dry condition peas show traces of anti-scorbutic 
properties as evidenced by prolongation of life although scurvy is not pre- 
vented; the same result was obtained by Fiirst [1912]. When soaked in water 
for 24 hours at room temperature scurvy was prevented with a large daily 
ration, 30 to 40 g. peas (dry weight, 15 to 20 g.) or 20 to 30g. lentils (dry weight, 
10 to 15 g.). The data do not permit one to decide whether any anti-scorbutic 
virtue is created during the process of soaking in water, for in the case of the 
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pea-meal it was not possible to induce the animals to take a ration larger 
than 10 g. (dry weight, 9 g.), but the change, if any, cannot be large. 

After germination, however, the story is quite otherwise; scurvy was pre- 
vented successfully in case of both lentils and peas with a daily ration of 
10 g. (dry weight, 5 g.); in many cases 5 g. daily (dry weight, 2-5 g.) was found 
to be sufficient, while with 2-5 g. daily (dry weight, 1-2 g.) some degree of pro- 
tection was obtained. 


Table VI. 
Water 
( Daily content, Dry No. Time of 
Anti-scorbutic ration, % weight, of experiment, 
material g. (approx. ) g. animals days Result 
Peas 
Pea-meal, moistened 8-10 12 7-8-8 3 31-105 Scurvy, but some degree of 
protection 
Soaked 24 hours... 30-40 50 15-20 2* 128-130 No scurvy 
20 50 10 t 34-114 Scurvy, but distinct protection 
10 50 5 2 21-28 Death from scurvy 
Germinated ... ..- 20-30 50 10-15 6 75-93 Good health in 5 cases 
10 50 5 3 69-94 No scurvy 
5 50 2:5 ot 87-97 Signs of scurvy, but good health 
in 4 cases 
2°5 50 1-2 4 37-94 Scurvy in all cases, hut some 
degree of protection 
Lentils 
Soaked 24 honrs ae 30 50 15 2 54-87 No scurvy, protection 
20 50 10- 2 90-94 Signs of scurvy but considerable 
protection 
10 50 5 2 45 Death from scurvy 
Germinated ... fs 10 50 5 4 91-94 No seurvy, protection 
5 50 2:5 4 51-90 Scurvy in 2 cases, but consider- 
, ‘ able degree of protection 
2-5 50 1-2 6 48-90 Scurvy, but considerable pro-— 
tection 
Fresh lemon juice ..... 1-5 ee. — — 6 74-90 No scurvy, protection 
Fresh orange juice ... 1:8 ee.) = = 5 62-91 5 a 
Fresh cabbage leaves 1-5 g. 90 — 5 90 f _ 
Fresh swede juice... 2-5 ce. -- _ 8 36-90 2 , 
Fresh carrot juice ... 20-30cc. — — 8 27-94 rf - 
Fresh beetroot juice ... 20 ce. — — 3 47-90 Scurvy 
Fresh green beans... 5g. 90 — 4 _ Protection, no scurvy 
Control Aft... ods — — — 4 23-30 Death from scurvy 
Control Bt... ae — = — 4 34-40 * t 


* Omitting No. 215 which died from other causes. 

+ Omitting 434 and 435 which suffered from. an infection. 

t Incase of A the diet consisted of oats, bran and water only; in case of B autoclaved milk 60 cc. was added 
to the diet. 


The anti-scorbutic value of the soaked seeds is thus seen to be increased 
3- to 6-fold after 48 hours of germination at room temperature and becomes 
comparable with that of many fresh vegetables. While distinctly less than 
that of raw cabbage (minimum protective dose for guinea-pigs 1-5 g. [ Delf, 
1918]), swede (minimum protective ration 2-5 g. [Chick and Rhodes, 1918), 
or fresh orange or lemon juice (minimum protective dose 1-5 cc. [see Chick, 
Hume, Skelton and Smith 1918]), it is equal to that of raw green (runner) 
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VI. EXPERIMENTS WITH COOKED GERMINATED LENTILS. 


Animals were selected which ate raw lentils with relish and amongst 
these a further selection was made of those which would eat them readily 
after cooking. It was found (Table VII) that a ration of 10 g. boiled for half 
or one hour in water was insufficient to protect from severe scurvy. The 
animals did well for the first two weeks, they put on weight (Fig. 5, D), but 
soon suffered from swollen and sore joints and, when chloroformed, were all 
found to be suffering from severe scurvy. These animals all received a milk 
ration. 

Five animals were next given a larger ration, 15 g., boiled in water for 
only 15 minutes, but it was found impossible to ensure that the whole of the 
amount was eaten. In all cases life was prolonged. One animal, 852 (Fig. 5, C), 
ate an average of 14 g. daily for 91 days and received considerable protection, 
but even this case showed swollen knees and lameness during life. The re- 
maining four animals were all severely crippled after 30 to 40 days. Cooking 
had, therefore, reduced the anti-scorbutic value of about 12 g. of germinated 
lentils to rather less than that of 2-5 ¢. of the raw material (see Table IV), 
i.e. a loss of about 75%. This result is in accord with that already estab- 
lished in the case of fresh cabbage, which has been shown to lose about 70 °% 
of its antiscorbutic value when steamed for 20 minutes at 100° [ Delf, 1918]. 

Major E. D. W. Greig, I.M.S., has suggested that the loss during boiling 
could be reduced by adding traces of some acid to the cooking water. Small 
amounts of citric acid have no harmful effects on young guinea-pigs [ Delf, 
1918]. With cabbage, citric acid accelerates the destruction of antiscorbutic 
stuff by boiling, and with germinated lentils very similar results have been 
obtained. The cell-sap of the growing lentils is slightly alkaline to litmus and 
remains neutral or slightly alkaline after boiling with a 0-005 % solution of 
citric acid. When the concentration is increased to 0-5 °%, however, the washed 
seeds yield a juice which is distinctly acid to litmus. These two solutions 
were used respectively as the cooking water for the rations in two sets of 
experiments (Table VIII), and the results show that there is certainly no 
advantage, and possibly some disadvantage, in using acidified instead of 
ordinary tap water. 


VII. WILTSHIRE’S EXPERIMENTS ON THE VALUE OF GERMINATED 
BEANS IN THE TREATMENT OF HUMAN SCURVY. 


Acting on the suggestion made in the preliminary statement of these 
results [Chick and Hume, 1917, p. 157], Major H. W. Wiltshire, R.A.M.C., 
has made a most interesting trial of germinated beans in the treatment of 
scurvy in Serbian soldiers [1918]. Peas could not be obtained, the available 
lentils were decorticated and would not germinate, so “haricot beans 
were. ..first soaked in clean water for 24 hours, and then placed in tin trays 
for 48 hours to germinate. Old ration biscuit tins, cut in half longitudinally 


AAINOS AIBAIS MOTT YA 


Samos o1U0IYO 


AAINOS AIVAVS LOI] YPRA(T 
UMOURUN ssNevI WO] TeV] 


AAMOS aloavs WII] YET 


AamMoas 4451S 


uorjoe}oId [eIWeEg 


“ “ce 


SaInos alaaes WIJ Y}V9] 


u01}98}01d 
‘ame, «= ‘pezRIoeWig 
aoint asue10 
yjia pemno ‘Aamos vleaag 


peijsed 


“ 


AAINDS BIVABS 
}jNSel [eleuar) 


ALAMOS AIBAIG 


AAINOS BIAIG 
£ainog 


AAMOS B19AVG 


LAINIE ¢ 


SadUT{IOWaeY 

aleAes ‘UaTJOAS TONW SUOT} 
-ounl qui ‘episeay Area souog 

SODViLIOUIILY] B1dAVS 

‘uayolq sq oO} ‘peopl 
suoount qi ‘apiseay sodog 

sadvyLowaey aeaes ‘repnp 
-ou suoount-qui ‘aplseay sou g 


a10A0S8 
sosvqowmery ‘ajlovdy svuog 
Suny vuo 
OT pue sesvyMIUIEVYy V1dAos 
‘ygee} esooy ‘Aaoded souog 
pespi Aysrys 
Ayysys seuog 
sos BY 10Wloee 
aIVAVS ‘YJoe} BSOOT ‘4JOs souDg 


sqit ‘ayisedy 


saouy Jnoqe sasvyIowery 
ILTNOSNUW FUST[S “TVULLOU SOU 


* 


AG 


¥6 


sso[djay auredeq 
‘saaUy Ud][OMS ‘a10g 


S99UY Ud]JOA\S ‘al0g 
uortsod AAmos 
‘Ua]TOMS SeoUy ‘A10G 


uortsod AAmog 


Ud][OAS SodUYy 
auoN 
‘op 


U9][OMS 
svauy ‘ssaualog 


ia 


OLE 
68& 
008 


ggg 


“PID ILI YPN payoos spyuay paywurusb ypn poouradey “TITA A@L, 


AaMoG ¢ 
AMOS 919AVG 
£amog 

“ 


SAINDS BIAS 


paulluexd JON 
“ 


oe 


“cc 


AAINOS BIBAVG 


suorjounl qu 
jo AsoOISTT 


_ esvyidoul 
-ael{ JUddeI JISIS ‘seouy 7 
sesvylowery plo ‘UdG svu0g 


‘op ‘op 

‘op ‘op 

‘op ‘op 
sasey 


-IOWdvY aTaAds ‘a]LovIjy SOUOg 


pouTuexe JON 
oe 


“ee 


“cc “ce 


se “ec 


“ce “ce 


“ oe 


““ ee 


sosvyoMery ‘ajiseay souog 
Wid} 1OUI-JS9 gq 


16 ‘op 
09 ‘op 
GS ‘op 
EG ‘op 

uortsod 

AAinos ‘Sseuy Udy 

ZQ.s«-JOAAS ONT pur aIog 
LZ ‘op 
LE “op 
9G ‘op 

uorrisod 

1Z Xamos — ‘ssvtlalog 
6¢ ‘op 

ourey 

Og ‘uoiyisod = =Aaanog 

O& ‘op : 

SSoUaIOS Jevols 

CZ ‘uoryisod = AAmmog 

sAep at] suLMp 

‘yueuidxa sui0yduiAg 


jo UOLyedn(y] 


88S 
STE 
SEG 
C86 


OE 
OOP 
O&G 
GLE 


GLE 
886 


§S§ 
008 


09% 
[eulsy 


—_-_—— 


‘D Jystem Apo 


pure sjeo 

——— SS) CC re 
Ajrep peunsuoo 
qunowle osr1eAy 


‘syijuay paypurusab payooo ypn juoursadagy “TTA 48 J, 


SEs 9¢ Gets €-S1 ‘op 
OGE 8g Lb GI ‘op 
esteted Lg 6 6-21 ‘op 
poe onto % G-0 
ul “Ul GT peltoq 
LES gg 6 LTT S[iqjuey] ‘ues °5 CT 
1&6 GS 9 ¥6 ‘op 
GSE LG 6 ZT ‘op 
O&s 6S G8 €‘€1 ‘op 
prow oqto % 00-0 
ul ‘UI GT petoq 
CSE 6S CT GZ S[juey, ‘wes "5 CT 
O96 6S GE GPL ‘op 
OSE GG rey L-§1 ‘op 
CGE OS DE €-9 ‘op 
SEE GS OT Lar “op 
Toye 
ul ‘UIUT GT peTlod 
OLE 6G SL ZL s[que] “wues “3 CT 
G6& Gg LT GOL ‘op 
OVS 9¢ €L G8 ‘op 
CEs LY cI 9-9 ‘Op 
Toya ut “ay § peltog 
OFS WW 61 G6  S[juey] ‘umes “3 OT 
GEE GG FI G8 ‘op 
OSE €¢ cI €-01 ‘op 
S6E LY OL €:8 ‘op 
JoywM UL IY T paflog 
OGE vS 86 F6  s[que, ‘wes “3 OT 
reruy “00 7) ‘3 poteyo UoTyeyy 
MINN uviq = S]IquarT 


6S8 


6g8 
1g8 
Og8 
68 


978 


G68 
18 
OG8 


618 
618 


IT8 
O18 


608 
eure 
jo 


raqum 


215 


DRY AND GERMINATED SEEDS 


and freely perforated with holes, were found serviceable for this purpose. 


They were easy to make, clean to handle, and each half held seven pounds 


of beans, a day’s dose for 


28 patients. Since germination takes about 48 hours 


at 60° F., it can easily be carried out in this country (Serbia) in May, when 


the mean temperature is 67° F. The whole process is very simple, the only 


essentials being that the seeds must be kept moist but not shut off from 
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free circulation of air, After germination the ten minutes’ boiling was ample 
to fit the beans for eating. 

“Two wards, each containing 27 beds, were specially devoted to the pur- 
pose of comparing the therapeutic values of these germinated beans and fresh 
lemon juice. Scurvy patients were admitted to these two wards alternately, 
without selection. In one ward each patient was given four ounces of fresh 
lemon juice daily, the juice being expressed in the ward, sweetened slightly 
and given as a measured dose by the sister. In the other ward each patient 
received a portion of germinated beans which had weighed four ounces in the 
dry state. 

“Thirty patients were treated with lemon juice and twenty-seven with 
beans. Contrasting them as regards severity of disease at the commencement 
of treatment, those treated with beans were, on the whole, slightly worse. 
The difference would be too small to mention, save that it justifies the definite 
statement that the bean cases were certainly as severe as the lemon cases. 
Comparing the results of treatment there is a small but definite difference in 
favour of those treated with beans, 70% being cured within four weeks as 
against 53% of those treated’with lemon juice. These figures favour the 
bean cases unduly, the real difference being better expressed by the (average) 
time taken for the gums to return to normal, which was 3-1 weeks for bean 
cases and 3-4 weeks for lemon cases.” 

Evidently germinated beans are satisfactory for treatment. Whether they 
are as efficient as fresh lemon juice cannot of course be gauged without further 
experience with different doses. Experiments on guinea-pigs show (Table VI 
above) that, as a preventive, lemon juice (but not lime juice: Chick, Hume, 
Skelton and Smith, Lancet, November 30th, 1918) is a good deal superior to 
germinated peas or lentils. 

It is, however, as a preventive of scurvy that the inclusion of germinated 
pulses in a human diet deficient in fresh fruit and vegetables, is principally to 
be recommended, and so far no definite trials of this type have been reported. 
In many parts of the world there exists the practice of eating certain seeds 
in the germinated condition, although there is no suggestion that the anti- 
scorbutic value of such foods has been appreciated. In the Dutch Indies and 
Federated Malay States germinated beans or “tow-gay” are eaten raw as a 
common article of diet [Grijns, 1901; Private communication, Brig.-Gen. 
Anderson]. In certain districts of China it is the custom to take part of the 
rice in the germinated condition and especially in the north, beans are artifici- 
ally sprouted for food in the winter [Report, 1885]. 

There is little doubt that the anti-scorbutic value of certain fermented 
beverages, firmly believed in by our ancestors, owed their virtue to the 
germinated grains from which they were prepared. Captain Cook! was a 
firm believer in the anti-scorbutic properties of a fresh infusion of malt, 
“sweet-wort.” He always took large quantities of malt to sea with him and 


1 Captain Cook’s Voyages of Discovery. 
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the sweet-wort was served out to his men in large quantities when there was 
any risk of scurvy. “Small beer” also enjoyed a great reputation and in many 
Arctic expeditions in the first half of the nineteenth century, malt, yeast, and 
a brewing plant were included in the equipment [see A. Henderson Smith, 
1918]. 

Modern beer prepared from “high dried” malt has been shown by Harden 
and Zilva [1918] to possess no appreciable anti-scorbutic value and there is no 
doubt that the virtue these more ancient beverages possessed was due to the 
freshness of the product, the drink being prepared quickly from freshly 
germinated grain and consumed shortly after preparation. An interesting 
incident illustrating this point was reported during the present war by Dyke 
[1918], im connection with an outbreak of scurvy among a Kaffir labour 
battalion in France. The diet of this community was arranged to produce as 
nearly as possible that of the native kraals, where, in spite of a limited diet, 
scurvy is unknown. The arrangements even included the provision of a 
native beer brewed from millet, of which large quantities are regularly con- 
sumed in Africa. In the enquiry which followed the outbreak of scurvy, the 
following fact emerged, viz. that the beer as brewed in South Africa was 
prepared from germinated millet, but that in France the process of germination 
had been omitted for reasons of convenience. 


SUMMARY. 


1. Fiirst’s observation that the content of anti-scorbutic accessory factor 
in dry peas and lentils is much increased on germination has been confirmed. 

2. The antiscorbutic value of these seeds after soaking in water for 24 
hours, and germination for 48 hours at room temperature is 5- to 6-fold that 
of the dry seeds; while inferior to that of orange and lemon juice or cabbages 
and swedes, it is equal to that of many other vegetables such as green (runner) 
beans or potatoes, and superior to that of carrot or beetroot. Table VI con- 
tains a summary of these results. 

3. These seeds, whether in the dry or germinated condition, do not, how- 
ever, contain a sufficient amount of the growth-promoting substances to 
induce satisfactory growth in the experimental animals (guinea-pigs) in the 
absence of milk from the diet. It seems probable that it is the fat-soluble 
factor that is deficient. 

4. A considerable proportion of the anti-scurvy power generated in these 
germinated seeds is destroyed by boiling: cooking of these germinated seeds 


’ should therefore be as short as possible. 


5. Wiltshire has shown that germinated beans can be used with success 
in the treatment of human scurvy. Other evidence is quoted from experience 
of human diets showing that germinated seeds and their products form 
valuable material for the prevention of human scurvy. 
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XXIII. THE EFFECT OF ALCOHOL ON THE 
DIGESTION OF FIBRIN AND CASEINOGEN 
BY TRYPSIN. 


By EDWARD STAFFORD EDIE. 
From the Physiological Department, Aberdeen University. 


(Received May 19th, 1919.) 


THE behaviour of extracts of pancreas or pure pancreatic juice under different 
conditions has led various observers to conclude that the pancreas contains a 
number of proteolytic enzymes. It was shown by Fermi[ 1890] that after treat- 
ment with mercuric chloride, salicylic acid and various other substances, 
trypsin lost its power of digesting fibrin but would still digest gelatin. Vernon 
[1901] arguing from the varying sensitiveness of pancreatic extracts towards 
sodium carbonate, concluded that “trypsin” was really a mixture of enzymes 
of different degrees of stability, the more sensitive enzymes being destroyed 
first. Vernon only tested the digestive power of trypsin on raw fibrin in this 
connection however. In a later paper Vernon [1903, 2] states that pancreatic 
extracts contain an erepsin as well as trypsin. Pollak [1905] using different 
preparations of enzymes found that the relative amounts of serum and gelatin 
digested varied enormously in different cases. He also found that after treat- 
ment with hydrochloric acid trypsin lost its power of acting on serum, but 
was still about as active as ever on gelatin. Pollak concluded that extracts of 
pancreas contained in addition to trypsin (to which the action on serum was 
due) a special enzyme which acted only on gelatin. To this enzyme Pollak 
gave the name of glutinase. 

According to Ascoli and Neppi [1908], however, this assumption of a 
special enzyme acting on gelatin is unjustified, as they find that slight varia- 
tions in the reaction of the medium affect the digestion of different proteins 
to different degrees. Mays [1906] after a long series of experiments remarks 
that the presence of two proteolytic enzymes in pancreatic extracts can only 
be proved when it is possible to make a separation of the enzymes. It had 
been previously shown by Bayliss and Starling [1903] that pancreatic juice as 
secreted contains no trypsin (as tested on coagulated egg white), but contains 
a weak enzyme like erepsin. This has some action on caseinogen, but very 
slight. The erepsin has a slight action on fresh fibrin but practically none on 
fibrin which has been heated to 70°. It may here be mentioned that Long and 
Barton [1914] state that raw fibrin even when very carefully purified may 
soon become liquid owing to autolysis. 
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In later papers Fermi [1913, 1914] contests the theory that some proteo- 
lytic enzymes have a specific action, and maintains that all proteolytic 
enzymes have a general action on all proteins. 

Slight differences of behaviour of trypsin towards different proteins 
under the same conditions have also been noted by Berg and Gies [1906], 
Porter [1910], Long and Hull [1917], but not much importance seems to have 
been attached to the facts. Others such as Glaessner and Stauber [1910] and 
Auerbach and Pick [1912] find differences between the proteolytic and pepto- 
lytic actions of trypsin, but in these cases possibly some of the action was due 
to the pancreatic erepsin also. 

It seems to have been assumed, however, by all the authors quoted and 
by others such as Hedin [1905] that trypsin is the enzyme responsible for the 
digestion of fibrin and caseinogen, especially in experiments lasting only a 
few hours. 

The action of alcohol on trypsin has been variously stated. Fermi and 
Pernossi [1894] using Mett’s tubes filled with gelatin found that in presence 
of alcohol trypsin had more digestive action than in presence of water only. 
The percentage of alcohol used is not stated. Chittenden and Mendel [1896] 
found that the action of trypsin on fibrin was markedly inhibited by alcohol, 
but did not test the action on any other substrate. Dastre [1896] found that 
trypsin still digested fibrin and boiled albumin in presence of 15 to 20 
per cent. of alcohol, while Gizelt [1906, 1, 2] states that 20°% alcohol totally 
inhibits trypsin. According to Bayliss [1915] trypsin will digest gliadin even 
in presence of 80 % alcohol, the action in this case being due to the trypsin 
in suspension. Vernon [1903, 1] noted that dilute alcohol had a considerable 
inhibitory effect on the digestion of raw fibrin by trypsin. 

As dilute alcohol is frequently used in making extracts of various digestive 
organs, it is important to know how the digestive action is affected thereby. 


EXPERIMENTAL DETAILS. 


The experiments were carried out as described previously [Edie, 1914]. 
Ox fibrin after being finely minced and thoroughly washed was suspended in 
water and gradually heated to 85°. The fibrin was then pressed dry and pre- 
served in glycerol and a little chloroform until required. The caseinogen was 
a 3% solution in 1 % sodium carbonate. The pancreatic extracts were pre- 
pared by finely mincing sheep’s pancreas and extracting with chloroform 
water for about a fortnight. The extract was then filtered and a little chloro- 
form added as a preservative. 

The digestion was carried on at 37° in small flasks, a small measured 
quantity of chloroform being added to exclude bacterial action in every case. 
When fibrin was used, the amount of digestion was estimated by filtering off 
the undissolved fibrin and determining the nitrogen in the filtrate by a 
Kjeldahl determination. When caseinogen was the substrate, the amount of 
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digestion was found by precipitation with tannic acid and subsequent esti- 
mation of the nitrogen in the filtrate. Controls showed that the sodium car- 
bonate alone had no digestive action whatever either on fibrin or caseinogen. 
The following are typical results showing the effect of dilute alcohol on the 
digestion of fibrin and caseinogen by trypsin. 


Digestion in ce. 
of NV/10 nitrogen 


1a), Weies trypsin,» 20ic.c) 10% alcohol; 20)cic: 194 Na,CO;  <:- ae 4-6 

(6) le.c. trypsin, 20 c¢.c. water, Z0IC-Crly OC NasCOn ote 500 17-1 
1-4 g. fibrin added. Digestion 3 hours. 

(a) le.c. trypsin, 20 c¢.c. 10 % alcohol, 20 c.c. caseinogen or ae 23°8 

(6) lc.c. trypsin, 20 c.c. water, 20 c.c. caseinogen ace 500 23°6 


Digestion 1 hour. 


2. (a) le.c. trypsin, 20 c.c. 12 % alcohol, PANTS UI ECO an aes 4-6 

(6) le.c. trypsin, 20 c¢.c. water, 20%crc 1,94 eNaz© Oe; Die 308 13°8 
1g. fibrin. Digestion 2-75 hours. 

(a) le.ec. trypsin, 20 c¢.c. 12 % alcohol, 20 c.c. caseinogen ee 5a: 24-1 

(b) lc.c. trypsin, 20 c.c. water, 20 c.c. caseinogen 55. 5a 24-3 


Digestion 1-25 hours. 


3. (a). 1c.c. trypsin, 20c.c. 10 % alcohol, 20 c.c. 1% Na,CO,  .:. we 38 

(6) lcc. trypsin, 20c.c. water, PAU GHGs VOR IME CO, asc se 14-1 
1:3 g. fibrin. Digestion 2 hours. 

(a) lee. trypsin, 20 ¢.c. 10 % alcohol, 20 c.c. caseinogen Bee 306 27-9 

(6) le.c. trypsin, 20 c.c. water, 20 c.c. caseinogen abt 53: 27:0 


Digestion 1-25 hours. 


4. (a) lc.c. trypsin, 20c.c. 10 % alcohol, 20c.c.1%Na,CO,  ... ae 8-1 

(6) le.c. trypsin, 20 c¢.c. water, 20icien OZ Nay COR) os on 23-6 
1:5 g. fibrin. Digestion 2-25 hours. 

(a) le.c. trypsin, 20 c¢.c. 10 % alcohol, 20 c.c. caseinogen doc soe 30-0 

(6) lc.c. trypsin, 20c.c. water, 20 c.c. caseinogen aoe doc 29-3 


Digestion 1 hour. 


3. (a) lec. trypsin, 20/e.c. 8% alcohol, 20'c.c.1% Na,CO;  ... ads 
(6) lc.e. trypsin, 20 ¢.c. water, HOC Creo Nae CO Ramune us. 12-1 
1g. fibrin. Digestion 3 hours. 
(a) lc.c. trypsin, 20 ¢.c. 8 % alcohol, 20 ¢.c. caseinogen Sec 50d 30-6 
(6) le.c. trypsin, 20 c¢.c. water, 20 c.c. caseinogen te ane 30-6 
Digestion 1-25 hours. 
6. (a) lc.c. trypsin, 20c.c. 8 % alcohol, 20c.c.1%Na,CO,  ... pe 4-9 
(6) le.c. trypsin, 20 ¢.c. water, A0icre, fo NasCOR oh. 12:1 
lg. fibrin. Digestion 3 hours. 
(a) lec. trypsin, 20 ¢.c. 8 % aleohol, 20 c.c. caseinogen wae abt 27-7 
(6) le.c. trypsin, 20 ¢.c. water, 20 c.c. caseinogen 200 580 28-0 
Digestion 1 hour. j 
7. (a) lc.c. trypsin, 20c.c.6% alcohol, 20c.c.1% Na,CO, ... sie 11:5 
(b) le.c. trypsin, 20 c¢.c. water, 20\c.c., 1% NasCO; 9 in Mies 20:3 


lg. fibrin. Digestion 3 hours. 
(a) le.c. trypsin, 20¢.c. 6% alcohol, 20 c.c. caseinogen 22-2 
(6). le.ec. trypsin, 20 c.c. water, 20 c.c. caseinogen vot mt 22-0 
Digestion 1 hour. 
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Digestion in ce. 

of N/1O nitrogen 

8. (a) Lee. trypsin, 20 c.c. 6% alcohol, 20¢.c. 1% Na,CO, 12-5 
(6) le.c. trypsin, 20 ¢.c. water, 20'c.c. 1% Na.COs 4... oan 22:2 


Lge. fibrin. Digestion 3 hours. 


ro 


(a) lee. trypsin, 20 c.c. 6% alcohol, 20 ¢.c. caseinogen xa “ai 25-0 
(6) le.e. trypsin, 20 c.c. water, 20 ¢.c. caseinogen Acie “hy 24-6 


Digestion 1 hour. 


9. (a) 5c.c. trypsin, 20 c.c. 16 % alcohol, 20 c.c. 1% Na,CO;_ ... on 71 

(6) 5c.e. trypsin, 20 c.c. water, 20)e:cr Lo, INaSCORs wees sar 18-2 
lg. fibrin. Digestion 2 hours. 

(a) 5e.c. trypsin, 20 ¢.c. 16 % alcohol, 20 ¢.c. caseinogen sae nas 31-6 

(6) 5c.c. trypsin, 20 c.c. water, 20 c.c. caseinogen ae ae 31-9 


Digestion 1 hour. 


10. (a) 5c.c. trypsin, 20c.c. 13 % alcohol, 20 c.c. 1% Na,CO, _ ... es 14-0 
(6) 5c.c. trypsin, 20 ¢.c. water, ZOicsce We OGNas COS es onc 25-2 
1:3 g. fibrin. Digestion 3 hours. ; 
(a) 5c.c. trypsin, 20 c.c. 13 % alcohol, 20 c.c. caseinogen Sat sec 34:5 
(6) 5c.c. trypsin, 20 c.c. water, 20 c.c. caseinogen aes 43 34:6 
Digestion 1-25 hours. 
ll. (a) 5c.c. trypsin, 20c.c. 14 % alcohol, 20c.c. 1 % Na,CO, © ... we is7/ 
(6) 5c.c. trypsin, 20 c.c. water, 20 c.c. 1% Na,CO; _ ... 506 26:8 


1:2 ¢. fibrin. Digestion 2-5 hours. 


(a) 5c.c. trypsin, 20 c¢.c. 14 % alcohol, 20 c.c. caseinogen 32-5 
(6) 5c.c. trypsin, 20 c.c. water, 20 c.c. caseinogen Shc sie "32:5 
Digestion 1 hour. 
12. (a) 5c.c. trypsin, 20c.c. 14 % alcohol, 20 c.c. 1% Na,CO, _ ... ss 10-8 
(6) 5c.c. trypsin, 20 c.c. water, 20 c.c.,1 % Na,CO; _  ... Et 24-6 
lg. fibrin. Digestion 2 eae 
(a) 5c.c. trypsin, 20 c¢.c. 14 % alcohol, 20 c.c. caseinogen 500 508 30-0 
(o) 5c.c. trypsin, 20 c.c. abet : 20 c.c. caseinogen oe 3H 30-1 


Digestion 1 hour. 


These experiments are sufficient to show that alcohol, when present in 
percentages varying from 3 to 7, has a very marked inhibitory effect 
on the digestion of fibrin by trypsin but no such effect on the digestion 
of caseinogen. The amount of fibrin digested under these conditions varied 
from about 25 to 50% of the amount digested in absence of alcohol, the 
proportion varying somewhat with different trypsin solutions and with vary- 
ing percentages of alcohol. In no case was there any appreciable difference in 
the amount of caseinogen digested, beyond the limits of experimental error. 

With higher percentages of alcohol the digestion of fibrin was in some 
cases entirely stopped, a fair amount of caseinogen still being digested, how- 


ever. 
Digestion in c¢.c. 
of NV/10 nitrogen 


13. (a) lee. trypsin, 20 c.c. 25 % alcohol, 20 c.c. 1% Na,CO,_ ... Soe 31 
(6) lce.c. trypsin, 20 c.c. water, 20icrcqloG Nas COs eer. ee 27-2 
g. fibrin. Digestion 3 hours. 
(a) le.e. trypsin, 20 c¢.c. 25 % alcohol, 20 c.c. caseinogen ee wee 20-0 
(b) le.e. trypsin, 20 c.c. water, 20 c.c. caseinogen otic 580 23°7 


Digestion 1 hour. 
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Digestion in ce. 
of N/10 nitrogen 


14. (a) lee. trypsin, 20 c.c. 25 % alcohol, 20c.c.1%Na,CO, ©... “Oe 4:8 
(6) le.c. trypsin, 20 c.c. water, 20 e:cn ee NasCOn ies. 360 25:2 
0:8 g. fibrin. Digestion 3 hours. 
(a) lec. trypsin, 20 c¢.c. 25 % alcohol, 20 c.c. caseinogen Toe ree 32:8 
(6) le.e. trypsin, 20 c¢.c. water, 20 c.c. caseinogen Ae adc 37-9 
Digestion 1-75 hours. 
15. (a) lce.ec. trypsin, 20c.c. 50 % alcohol, 20 c.c. 1% Na,CO,_ ... “05 0-0 
(b) le.c. trypsin, 20 c.c. water, 20 cic wle oe NaaCOns + s 2h 23:6 
1 g. fibrin. Digestion 3 hours. 
(a) lee. trypsin, 20 ¢.c. 50 % alcohol, 20 c.c. caseinogen 50 oes 5:3 
(6) le.e. trypsin, 20 c.c. water, 20 c.c. caseinogen ECE rec 25:2 
Digestion 1 hour. 
16. (@) lec. trypsin, 20c.c. 50 % alcohol, 20 c.c. 1% Na,CO, 5 65 0-0 
(b) le.c. trypsin, 20 ¢.c. water, PAD (Cena WA, INEYACLOS avy bse 23°4 
1-2 g. fibrin. Digestion 3 hours. 
(a) lec. trypsin, 20 c.c. 50 % alcohol, 20 c.c. caseinogen Soc ne 4-6 
(6) lc.c. trypsin, 20 ¢.c. water, 20 c.c. caseinogen ie Fu 28-2 


Digestion 1 hour. 


These experiments show that in presence of 25 % of alcohol the digestion 
of fibrin by trypsin is entirely inhibited, while digestion of caseinogen still 
proceeds to a limited extent. In presence of 12 % alcohol the amount of 
fibrin digested is from 10 to 20 % of the control, while the caseinogen digested 
amounts to about 85 % of the control. 

Trypsin is well known to be very unstable under some circumstances, and 
it was considered possible that contact with dilute alcohol for some time 
might lead to an actual destruction of that part of the enzyme molecule 
which digests fibrin. The following experiments were carried out to test such 
a theory. 


Digestion in c.c. 
of V/10 nitrogen 
17. (a) 20c.c. trypsin, 15¢.c. 15 % alcohol 


kept at 37° C. for 3 hour: 
(6) 20c.c. trypsin, 15 c.c. water ept at 37° ©. for 3 hours 


2 c.c. of (a), 40 c.c. 0-5 % Na ,CO, vee Hoe Bbc Acc see 31-2 
2 c.c. of (6), 40. c.c. 0-5 % Na,CO, = ae re $53 aids 31-0 


1-3 g. fibrin. Digestion 3 hours. 
18. (a) 20c.c. trypsin, 5c.c. 30 % alcohol . 
(b) 20c.c. trypsin, 5c.c. water BODE eon 
2.c.c. of (a), 40 c.c. 0-5 % Na CO, soe Se noe ce see 18-2 
2 c.c. of (b), 40 c.c. 0:5 % Na CO, tas ae Bs =o 50° 18-3 
1-2 ¢. fibrin. Digestion 2 hours. 


19. (a) 40c.c. trypsin, 10 ¢.c. 30 % alcohol 


pt at 37° C. for 3 | 
(b) 40 c.c. trypsin, 10 c.c. water Suenos tae eek 


le.c. of (a), 40 c.c. 0-5 % Na,CO, see hc a es ae 14-0 
lc.c. of (b), 40 c.c. 0-5 % Na,CO, “ae oka oe aes oe 14-2 


1g. fibrin. Digestion 3 hours. 
20. (a) 15c.c. trypsin, 10c.c. 15 % alcohol 
(6) 15c.c. trypsin, 10 c¢.c. water 
2 c.c. of (2), 40 c.c. 0-5 % Na,CO; as ins Aer oe She 17-4 
2 c.c. of (b), 40.c.c. 0-5 % Na,CO, Hoc es Be aes Bot 17-0 
1g. fibrin. Digestion 2-75 hours. 


kept at 37° C. for 3 hours 


224 Kk. S. EDIE 


Digestion in ce. 
of N/10 nitrogen 


21. (a) 15¢.¢. trypsin, 10c.c. 15 % alcohol betray a eae 
(6) 15 can, 10 c.c. water ere es ee 
20.0. of (a4), 40. c.c. 0:5 % Na.CO, Ee we oye is 7. 16-3 
2 c.c. of (b), 40 c.c. % Na,CO, IE ay fe ve ee 16-2 
Lg. fibrin. sip i 2°75 hours, 


No destruction whatever of the trypsin is caused by the action of 6 % 
alcohol, although the digestive action of the enzyme is reduced to 30 % or 
less of the normal amount by the presence of this proportion of alcohol. 

A solid substrate such as fibrin might be rendered less digestible by pro- 
longed treatment with concentrated alcohol, owing to the hardening thus 
brought about. Alcohol of under 30 °%, however, could hardly be supposed 
to have such an effect, and a few experiments showed that after treatment 
with dilute alcohol fibrin was no less digestible by trypsin than previously. 


Digestion in c.e. 
of V/10 nitrogen 


22. (1) Fit 10 % aleohol 
Me ces hes ata kept at 37° C. for 3 hours 


(2) Fibrin + water { 
le.c. trypsin, 40 c.c. 0-5 % Na,CO,, 1g. fibrin (1) ... 3.5 Sar 19-3 
lc.c. trypsin, 40 c.c. 0:5 % Na;COg, 1 g. fibrin (2) 18-1 


Digestion 2-5 hours. 
Fibrin + 10 % alcohol 


1) : 
kept at 37° C. 's 
2) Fibrin +10 °% alcohol apie’ Blader 1 hours 


lc.c. trypsin, 40 c.c. 0-5 % Na,CO,, 1 g. fibrin (1) sce BO 
le.c. trypsin, 40 c.c. 0-5 % Na,COs, 1 g. fibrin (2) ... Set bac 20-2 
Digestion 3 hours. 

The fibrin which was to be treated with alcohol in these experiments was 
first washed. with alcohol in order to remove any adherent moisture. It will 
be seen that after treatment with 10 °% alcohol fibrin is apparently slightly 
more readily attacked by trypsin than previously. 

The action of trypsin on fibrin and on caseinogen is affected by dilute 
alcohol to such different degrees that it is reasonable to suppose either that 
there are two enzymes concerned in the digestion of these proteins or that 
different groups of the same enzyme molecule take part in the hydrolysis of the 
different proteins. In the latter case the groups which digest fibrin are very 
much more easily inhibited by alcohol than the groups which digest casein- 
ogen. 

The theory that different side chains in the molecule of an enzyme are 
responsible for different functions is used to explain the zymoid modification 
of enzymes. Some observers also, for example, Nencki and Sieber [1901], 
hold that the behaviour of pepsin and rennin under varying conditions can 
best be explained on the theory that only one enzyme is concerned here, 
with different side chains responsible for the proteolytic and milk coagulating 
functions. Vernon [1903, 1] also considers this probable in the case of the 
milk coagulating and proteolytic actions of trypsin. 

Hitherto it has apparently been assumed that one enzyme “trypsin” is 
responsible for the digestion of fibrin and caseinogen by pancreatic extracts. 


: 
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In this case the function is the same (hydrolysis of a protein to form simpler 
products), but it would seem that different side chains may be necessary for 
the hydrolysis of different proteins. 


SUMMARY. 


Alcohol when present to the extent of 3 9% and upwards markedly inhibits 
the action of trypsin on fibrin. The digestion of caseinogen by trypsin is not 
affected until the concentration reaches 10 °%. The action of alcohol is not 
due to the destruction of the trypsin, since on suitable dilution of the mixture 
of trypsin and alcohol the digestion of fibrin is as great as in the control. 

Fibrin is not rendered less digestible by contact with dilute alcohol, but 
seems to be slightly more readily dissolved by trypsin than previously. 

If “trypsin” is a single enzyme the digestion of fibrin and caseinogen is 
probably carried on by different side chains, those digesting fibrin being 
much more readily affected by alcohol than the others. 
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XXIV. STUDIES ON COAGULATION. I. ON THE 
VELOCITY OF GELATION AND HYDROLYSIS 
OF GELATIN SOL. 


By RINNOSUKE SHOJI. 
(From the Physiological Institute, Imperial University of Kyoto, Japan.) 


(Received June 4th, 1919.) 


I. THe GELATION VELOCITY OF GELATIN SOL. 


GELATION of hydrophilic colloids has frequently been studied in regard to its 
‘gelation time’ (usually called the coagulation time) 7.e. the time necessary 
for the gelatinising of a sol. The definition of ‘gelation time,’ however, is 
somewhat arbitrary and differs with the observer. Some observers consider 
a sol is gelatinised, when the vessel containing it can be inverted without 
spilling. Others consider it gelatinised, when it adheres as an amorphous 
mass to a rod inserted in it. Still others consider it gelatinised, when a small 
glass bead thrown into it stops half-way down. Gelation, however, is not a 
sudden change of state, but a kinetic process with respect to time. Therefore 
it is more important and fundamental to study the course of a whole process 
of gelation than to study simply the gelation time. 

It is not yet known exactly, what change of state the colloidal constituents 
undergo in the process of gelation. The process is called gelation only when 
a hydrophilic sol, separating into two phases, gradually increases its viscosity 
until it becomes an amorphous solid mass throughout. Thus the degree of 
gelation can be estimated by measuring the increment of viscosity, and the 
rate at which the viscosity increases is called the ‘gelation velocity.’ 

Von Schréder [1903] studied this problem as follows. He heated a gelatin 
sol at 100° for a certain time, and then cooled it suddenly to 25°. He now 
kept the sol at this latter temperature, and measured its viscosity twice, 
first, after a lapse of five minutes, and again, after sixty minutes. The second 
value was of course larger than the first one. He called the difference of these 
two viscosity values An, and the time interval between the measurements 


(55 minutes) At, and assumed that eu represented the coagulability of the 
sol. He found that the longer the sol was kept at 100°, the smaller were both 
the viscosity at the first measurement and a. 
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Levites | 1908] later studied this problem in the same way. He measured 
the viscosity of a sol several times in the course of its gelation, and found 
Ui] . . 
> Was a constant independent of the time, so that 
the viscosity is a linear function of the time. He studied the process, however, 


; , d 
that the gelation velocity, ; 


only during the first 1-5 hours of a gelation, which is a relatively brief period 
when it is remembered that the whole process, according to his own state- 
ment, occupied from 11 to 24 hours. His conclusion, therefore, is necessarily 
somewhat insufficiently supported by experiment. 

The present writer took the same problem. The method and procedure 
followed by him were as follows. A weighed amount of dried commercial 
gelatin is put into water in such proportions as to have a desired percentage 
solution when dissolved. This mixture is kept in a cool place in a flask for 
a certain time in order to allow the solid gelatin to swell sufficiently. It is 
then placed in a thermostat at 70° or 80°, and by thorough shaking is brought 
to a homogeneous sol in a few minutes. The flask is fitted with a condenser 
to prevent the sol from evaporating. At successive intervals after the be- 
ginning of heating 5 cc. of the sol are taken out of the flask, and put into an 
Ostwald viscosimeter kept in another thermostat at 18° and allowed to gela- 
tinise at this temperature. Its viscosity coefficient is then determined fre- 
quently over a considerable period of time. The first determination is made 
at the end of the first six minutes, preliminary experiments showing that 
the temperature of the sol brought into the 18° thermostat falls to this tem- 
perature in five minutes. The initial viscosity coefficient, 7.e. the viscosity 
coefficient at the initial time of gelation is found by extrapolation, assuming 
that the process of gelation begins regularly as soon as the sol is brought into 
the 18° thermostat. 

Since the successive portions are taken out of one and the same sol, they 
differ only in the length of time they have been previously heated, and the 
whole course of gelation of each of them is studied in detail, since it is desired 
to study the influence of previous heating on the process of gelation, as well 
as the process of gelation itself. The observations give the relative viscosity 
coefficient, that of water at 18° being taken as unity. The absolute viscosity 
coefficient can then be easily calculated if desired. 

The results of experiments with a 3 per cent. gelatin sol are shown in 
Fig. 1. The quantities 7 — 7, are taken as ordinates and the time ¢ as abscissa, 
n and 7; being the viscosity coefficients at the time ¢ and at the initial time of 
gelation respectively. Curves 1, 2, 3, 4, 5 and 6 are viscosity-time curves for 
portions previously heated for six minutes, 1, 3, 6, 11 and 20 hours respectively 
at 80°. Fig. 2 is another example of a 3 per cent. sol which was heated at 
70° instead of 80°, curves 1, 2, 3, 4, 5, 6 and 7 corresponding to portions 
heated for 6 minutes, 2, 6, 16, 20, 30 and 39 hours respectively. 

It is seen clearly from these figures that the longer the sol is previously 
heated, the smaller is the initial gelation velocity, a result in agreement with 
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that found by von Schréder. This disagrees, however, with Levites since the 
viscosity fails to be a linear function of the time in all cases. When the sol 
3 ; . - : ahip A 

is heated for a relatively short time, the gelation velocity, |, imcreases with 


the time, so that the curve is convex towards the t-axis (Fig. 1, Nos. 1 and 2). 
For the sake of convenience let us call this the first case. On the contrary, 


n-; 
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Fig. 1. _Gelation of 3 per cent. gelatin sol. (previously heated at 80°). 

when the sol is heated relatively longer, the gelation velocity decreases with 
the time, so that the curve is concave towards the ¢-axis (Fie. 1, Nos. 4, 5 
and 6), which we may call the second case. At some intermediate ‘critical’ 
stage the gelation velocity is constant, so that the curve is a straight line. 
Fig. 1, No, 3 approximates to this case. 
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[t is generally believed that a-glutin, the actual gelatinising constituent of 
gelatin, is gradually hydrolysed, by heating, to B-glutin which has no ten- 
dency to gelatinise even at low temperatures, and as a matter of fact, the 
longer the sol is heated, the further the hydrolysis goes. Adopting this point 
of view, therefore, we may say that the higher the concentration of a-glutin, 
the larger the initial gelation velocity; that when its concentration is higher 
than a certain critical value, the gelation velocity increases with the time 
until the viscosity grows beyond bounds; and that when the concentration 
is lower than this critical value, the gelation velocity decreases with the 
time, until the viscosity ultimately reaches a finite, limiting value. It is not 
clear whether the concentration of B-glutin affects these facts or not. 
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Fig. 2. Gelation of 3 per cent. gelatin sol. (previously heated at 70° ). 


These conclusions are supported by similar experiments with a 1 per cent. 
gelatin sol represented in Fig. 3. Curves 1, 2, 3 and 4 are viscosity-time curves 
for portions previously heated at 80° for 0-1, 1-2, 4 and 11 hours respectively. 
We see that the gelation velocity decreases with the time even when the sol 
has been heated for only a short period. That is to say, the gelation belongs 
to the second, and never to the first case. Obviously the concentration of 
a-glutin in this case has been lower than the critical concentration from the 
beginning. 

The numerical value of the critical concentration of a-glutin cannot be 
found, since we do not know the concentration of a-glutin in solid gelatin. 


a 
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The curves of Figs. 1, 2 and 3 suggested the empirical equation 
7-1 = — lat hee 52) ee eS (1) 
1 + x! 


eae bt 
n-14 pt 


a linear equation in = and 4 ;- It is then found that equation (2) is a good 


fit. The straight line (the bine is not given here) for the critical case A = «© 
passes through the origin in each case, the straight lines below it (A <0) 
corresponding to samples heated for a shorter period, and the straight lines 
above it (A>0) corresponding to samples heated for a longer period. 
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Fig. 3. Gelation of 1 per cent. gelatin sol. (previously heated at 80°). 


The constant p is plainly the value of 2 7 at t = 0, v.e. the initial gelation 
velocity; we may regard it as increasing w vith the concentration of a-glutin. 
It ranges from 0 to ». As to the constant A we may regard it as increasing 
with the concentration of a-glutin up to the critical concentration where it 
becomes infinite. For slightly higher concentrations A is large and negative 
and decreases through negative values to a definite limit. This is more or 
less equivalent to regarding . as given by - — a where ¢ and C are respectively 


the concentration of a-glutin and the critical concentration. In terms of the 
curves we may say that A, when positive, is the value of 7 — 7, attained after 
a long interval of time, while, when A is negative, the 7 — 7; increases beyond 


bounds after a time given by t = — x In this latter case it is reasonable to 
speak of a ‘gelation time’ but not in the former case. As we see from equa- 
tion (2) the mgs : and : may be taken we from the straight lines 
of its graph; — 1 sepyeeente na tangent slope and , the intercept on the 
vertical axis. 
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Equation (1) may be looked upon as the solution of the differential equation 
d ‘ > ¢ 
inlA (yn — ,)] < [A — (1) — 294) Praacsences cesuneen (3). 


Now it may be shown that not only the equation (2), but also the solutions 
of the equations of more general type 


d : L “ 
s mil (7) i) | ca lA ; (1) ni) | ’ 


where nv is an integer, represent curves of the same general character as those 
given by the above experiments; the significance of 4 and A in these new 
equations being the same as before. Two solutions of this differential equation 
of general type are 


(a) 7-H = DX (1 ==" 


)s when n = I, 
and, (b) a =p = 2) Ss when n = 3. 
Tests were made with these solutions and it was found that they accorded 
with the observations only for the first shorter period of gelation, and therefore 
they may reasonably be rejected in favour of equation (1). 

Comparison of the values observed and calculated by equation (1) is to 
be seen in Tables 1, 2 and 3 which correspond to Figs. 1, 2 and 3 respectively. 

It is seen from these tables that equation (1) holds for the first four or 
five hours of gelation, but that at later periods, the viscosity observed increases 
more rapidly than is given by this equation. Moreover, as can be seen in 
Fig. 1, curve 3, a gelation starting as a second case, but very near the critical 
case, may change gradually into the first case, after a certain lapse of time, 
so that the curve has an inflexion point. Therefore, the statements given 
above, although holding exactly for earlier periods of gelation, do not hold 
for later periods. An equation which holds for the whole course, of gelation 
has not yet been found. 

The equation (3) is an equation of the second order reaction with respect 
to the term A — (7 — 7;). Hit is assumed that this term is directly proportional 
to the concentration of a-glutin, the nature of gelation can be discussed as 
follows. 

From the kinetic theory point of view, the particles of a sol are con- 
tinuously colliding with each other, and gelation can be regarded as being 
due to the fact that the particles, or at least a certain proportion of them, 
unite to form an aggregate particle on coming into contact with each other. 
In the earlier periods of gelation such a union would occur mainly between 
two individual particles, the reaction thus being of the second order, as given 
by equation (3). Later, however, when the number of such aggregate particles 
becomes larger, the probability of union between an aggregate particle and 
a single particle, as well as between two aggregate particles, increases, so that 
the viscosity increases more rapidly than indicated by equation (1). These 
aggregate particles again unite with others, and become larger and larger 
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Table 1. Gelation of 3 per cent. gelatin sol at 18° (Fig. 1). 
(Previously heated at 80°.) 


t 
(hours) 


No. 1 0:5 
(Curve 1); 0-7 
Heated ~ 1-0 

for 6 1-2 
minutes 1-4 


1-6 
18 
2-05 


No. 2 
(Curve 2) 
Heated < 
for 
1 hour 


_No. 3 1:3 
(Curve 3) | 1-7 
Heated 2-0 

for 

3 hours 3-0 


8-0 
9-0 
11-0 


Weta 
obs. calc. 
=| BLY 
: = -8-6 
0 0 
0-32 0°33 
1:07 1-08 
1-95 1:96 
3:05 3°03 
5:13 5-10 
6:95 6:95 
9-37 9-37 
12-6 12-6 
16-9 17-5 
27-4 27-7 
oe 2-2 
A= -14-7 
0 0 
0-22 0-22 
0:47 0-45 
0-95 0-94 
1-47 1-45 
2-01 2-00 
2°57 2-59 
3-56 3°55 
5-04 5-02 
6-24 6:27 
7-60 7-71 
10-3 10-4 
12-0 12-0 
13-9 14:3 
17:3 16-6 
25:7 21-9 
ele 
A=20-0 
0 0 
0-25 0:25 
0:53 0-50 
0-73 0-73 
0-97 0-97 
1-20 1:19 
1-56 1-53 
1-96 1:95 
2°25 2-25 
2-73 2-74 
3°19 3°20 
4-1] 4-05 
5:09 4-82 
6°22 5-51 
7:58 
8-90 
10-09 
12-88 


t 
(hours) 


( 9 
0-1 
0-2 
0-5 
1-0 
| 16 
| 2-0 
No.4 | 3-0 
(Curve 4) | 4:0 
Heated - 5-0 
for 6-0 
6 hours 7-0 
8-0 
9-0 
11-0 
14-0 
15-0 
17-0 
| 19-0 
\ 23-0 


( 0 
0-1 
0-3 
0:5 
1:0 
No. 5 | 2-0 
(Curve 5) | 4-0 
Heated + 7-0 
for | 9-0 
11 hours 10-0 
12-0 
| 14-0 
18-0 
\ 22-0 


No. 6 1-0 
(Curve 6) } 2-0 
Heated 3-0 


for 5:0 
20 hours 6:0 
9-0 


13-0 


233 
ieee 
obs. cale 

w=0-80 
P57 
0 0 
0-08 0:08 
0-15 0-15 
0°36 0°35 
0-62 0:62 
0:87 0:87 
0-99 1-00 
1-27 2 
1:57 1-47 
1-75 1-61 
2-02 
2-23 
2°48 
2-60 
3:09 
3°53 
3°73 
4:15 
4-45 
5-13 
w=0-45 
\=0-90 
0 0 
0-04 0-04 
0-12 0-12 
0-18 0-18 
0-30 0-30 
0-45 0-45 
0-60 0-60 
0-82 0-70 
0-90 
0:95 
1-07 
1-17 
1-29 
1:38 
u=0-16 
A=0-46 
0 0 
0-03 0:03 
0:07 0:07 
0-12 0-12 
0:19 0-19 
0-23 0-23 
0:29 0-29 
0-32 0:31 
0:37 0°35 
0-41 
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Table 2. Gelation of 3 per cent. gelatin sol at 18° (Fig. 2). 
(Previously heated at 70°.) 


nn; 1 Ni 
l ——S—_— t —_—— 
(hours) ” obe. calc. (hours) ” obs. cale. 
(w= 3:52 ce 1-00 
Xn= —-7:9 A=1-95 
0 200 0 0 (a 170 0600 0 
Nol 1 o1 —-2:86 036037 0 LEO ee 
(Curvel) | 6.5 3.93 1-23 1.99 | 03 1-96 0-26 0-26 
Heated - 0-5 4.97 2.97 2.26 | 0-5 2-10 0-40 0-40 
for 6 if ee aN ae | 1-0 2:36 066 0:66 
é O-7 DD 3°55 3°58 
war Baa 8:35 635 6:35 No.5 | 20 2:69 099 099 
(Curve5) | 3°0 3:03 1-33 1-18 
ju= 250 | Heated | 5-0 3-53 1-83 
(X= -10-4 for) 80 4-19 2-49 
0 1-93 0 0 20 hours | 10-0 4-55 2-85 
No. 2 0-1 2-18 0-25 0:26 | 13-0 5-11 3-41 
(Curve2) | 93 2-76 0:83 0-81 | 15-0 5-48 3-78 
as 0:5 335 142 1:42 | 17-0 585 04-15 
eatec = : : ; 26 5 
se 4 20 4-03 2-10 2-10 19-0 6-21 4-51 
sera pace 518 3:25 3-29 25-0 7-20 5-50 
4 720 5:27 5:27 | \ 28-0 7-64 5-94 

9. ams 4 : 

2-0 11-53 9-60 9-6] | (= 0-85 
fp eei-es 7 (X=1-30 
nis 7 0 1-63 SOpe eee 

; aeserina 3 | 0-1 1-71 0:08 2) 90-08 

0-1 201 017 0-16 | Ue 185-22 028 

0-3 233 049 0-50 | RRs 

No.3 | 05 269 085 0-84 | 0 eS ee 
(Curve3) ] 97 301 117 1-19 2:0". 2387) ee 
Heated \ 1.9 3:56 1-72 1-72 Ms 2:83 Oe dae 

for Led 4-50 2.66 2-66 No. 6 5:0 2-719 1-16 

6 hours 2.0 5-49 3.65 3.66 (Curve 6) | 7:0 2-99 1-36 

95° 6.58 aay  meyoe ay seemed nee sa ae 

£0 137 Opa eee Rom Wa | Goiooteeige 

30 hours | 13-0 3:56 1:93 

w=1-10 17-0 3-83 2-20 

h=4:5 20-0 4:04 2-41 

20 1:72, = 20 0 | 24-0 4:27 2-64 
0-1 1:83 O11 0-11 | 32-0 4:72 3-09 
0-3 204 0:32 0-31 38-0 5-04 3-41 
0-5 221 049 0-49 44-0 5:30 3-67 
0-7 237 065 0-66 (48-0 550 387 
1-0 2-60 O88 0-88 u=0-83 
No. 4 2-0 3-20 1-48 1-48 \=0-97 

(Curve4) | 3-0 3-62 1:90 1-90 710 1-61 0 0 

Heated { 4-0 4:08 2:36 2.29 | 0-1 1:69 0-08 0-08 
for 5-0 448 2-76 0-3 1-81 0-20 0-20 
16 hours 6-0 4-90 3:18 0-5 1-90 0-29 0:29 
7-0 5-28 3-56 | 1-0 2-05 0-44 0-45 
9-0 6-08 4:36 No.7 | 2-0 222 061 0-61 
11-0 6-93 5-21 (Curve7) 4:0 2-48 0:82 0-75 

140 8:19 6:47 Heated ~ 8-0 2-76 1-15 

16-0 8-98 7-26 for 11-0 2-95 1-34 

7-0 9-37 7-65 39 hours | 15-0 3:16 1-55 

23-0 3-47 1-86 

30-0 3-74 2-18 

| 34-0 S87 eee ee 

39-0 4:02 2-41 


, wien Pres yes 9.AR 


— OE ek OMe) eigen 
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Table 3. Gelation of 1 per cent. gelatin sol at 18° (Fig. 3). 
(Previously heated at 80°.) 


a 1-1; 


t aks t See 
(hours) n obs. cale (hours) n obs. eale. 
({#=0-21 u=0-10 
(\ =0-57 h=0-23 
(0 1:26 0 0 (0 [92-6 0 
| 0-1 1-28 0-02 0-02 0-1 1-23 0-01 0-01 
0-2 1:30 0:04 0-04 0-3 1:25 0:03 0-03 
0:5 1:35 0-09 0-09 0-6 1-27 0-05 0-05 
0-8 1:39 013 0-13 1-0 1:29 0:07 0-07 
1-0 1:42 0-16 0-15 1-5 1:31 0-09 0-09 
15 1-46 0-20 0-20 2-0 1-33 0-11 0-11 
2-0 1:50 0:24 0-24 No. 3 3-0 1-35 0-13 0-13 
3-0 1:56 0:30 0-30 (Curve 3) | 4-0 1:37 0-15 O15 
No.l | 4.0 1:60 034 0-34 Heated { 6-0 1-41 0-19 = 0-17 
(Curvel) | 5.9 1-64 0:38 0-37 for 8-0 1-44 0-22, O18 
Heated \ 3.9 175 0-49 0-43 4 hours | 13-0 149 0-27 
for 10-0 1:81 0:55 17-0 1:55 ~ 0:33 
6 minutes | 13.9 1:90 0-64 29.0) 1-58 0:36 
17:5 2:01 0-75 29-0) 1:63 0-41 
21-0 2-10 0-84 37-0 1-67 0:45 
| 26-0 2-20 0-94 43-0 1-71 0-49 
33-0 2-29 1-03 47-0 1-72. 0-50 
| 41-0 2-39 1-15 (52-0 1-74 0:52 
47-0 2-45 1-19 
| 51-0 2:50 1-24 4 =0:037 
\ 57-0 2-55 1-29 X=0-15 
0 120 Oo 0 
w=0-17 0:3 1-21 0-01 0-01 
A=0-40 0-6 1-22 0-02 0-02 
(0 1244 0 0 No. 4 at eS nad se 
| 0-1 1-26 0-016 0-016 (Curve 4) 3.5 1-27 0-07 0:07 
| 0-3 1-29 0-046 0-045 Heated { 6.5 1-29 0:09 0-09 
0-6 1325 0-08 0-08 for 0-0 aoe Fgutoe gat 
0:8 1-34 0-10 0-10 11 hours lo-5 1-35 0-15 0-12 
1-0 136 O12 0-12 sae eis i 
15 1:39 O15 O15 20.0 Lane a0 
2-0 rae? SUS; | 0-18 Hare rie age 
Reo | (380 1:46 0-22 0-22 
(Curve2) | 4° 150 0:26 0:25 
Hbsted 2.00 1:55 0-31 0-29 
Pi 9-0 162 0:38 0-32 
1-2 hours Ice --s eet 
| 12-0 1:69 0-45 
16:5 1:77 0-53 
| 20-0 1-83 0-59 
25-0 1:90 0-66 
| 32-0 1-98 0-74 
40-0 2:05 0-81 
46-0 2:12 0-88 
50-0 216 0-92 


\ 56-0 2-20 0-96 
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with the lapse of time. They contain, of course, a certain amount of water, 
gelatin being a hydrophil colloid. 

This hypothesis seems very probable, its only weakness being the assump- 
tion stated above. It can, indeed, be reasonably regarded that the term 
A — (yn — y;) 18 an increasing function of the concentration of a-glutin. But 
there is no theoretical or experimental basis for the assumption that the 
former is directly proportional to the latter. 

Therefore the only conclusion which can be definitely deduced from the 
results of these experiments is that the gelation is, in its early stage at any 
rate, a second order reaction with respect to the term A — (y — 7;). 


II. On tHe Hyprotysis oF GELATIN BY HBATING. 


Gelatin sol undergoes an irreversible change when it is heated at a high 
temperature. This change is believed to be a hydrolysis of a-glutin, producing 
B-glutin, as already mentioned in the foregoing section. Commercial gelatin 
contains to begin with a certain amount of f-glutin, for heat is applied in 
its production. Moreover, when it is brought to a sol, heat is again applied, 
so that a part of the a-glutin changes to B-glutin. Hence the concentration 
of a-glutin in a gelatin sol of known percentage is quite unknown and varies 
with the sample used and the conditions of its preparation. 

The dynamic study of the hydrolysis of gelatin is merely a senile of the 
variation of the concentration of the a-glutin or its hydrolysis products with 
the time. However, we have as yet no method of determining the concentra- 
tion of a-glutin or of B-glutin separately. Moreover, £-glutin may reasonably 
be regarded, not as a definite substance, but as a mixture of the products 
at various stages of the hydrolysis caused by heating. 

The determination of the viscosity of the sol might be regarded as a method 
for studying its hydrolysis. But, even when f-glutin is assumed to be a single 
substance, a gelatin sol is still a mixture of two colloids, namely a-glutin 
and f-glutin. Now the viscosity of a mixture is not yet known as a definite 
function of the viscosities and concentrations of its constituents; at least it is 
not a linear function of the concentrations of the constituents, except in the 
case of dilute solutions. Therefore the hydrolysis of gelatin cannot be deter- 
mined by measuring changes in its viscosity. In fact we do not know as yet 
of any measurable properties of a gelatin sol whose rate of change is pro- 
portional to the rate of change of the concentration of a-glutin in the process 
of its hydrolysis caused by heating. 

Now, as a by-product of the experiments of the foregoing chapter, a study 
was made of the change of viscosity of the sol during the course of its hydro- 
lysis. This study was made, however, for its own intrinsic interest, and not 
for its bearing on the process of the hydrolysis. 

The initial viscosities 7; of the previous chapter are merely the viscosities 
of a mixture of a-glutin and f-glutin at successive periods of its hydrolysis, 
measured, however, at a lower temperature, viz. 18°. We shall, in what 
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follows, represent the time of heating by 7, to distinguish it from the time ¢ 
in the course of subsequent gelation. 
Von Schréder [1903] stated that the change in the viscosity of the hydro- 
lysing gelatin sol, which he measured at 25°, was represented by an equation 
of the first order reaction, viz.: 


oe ed ky (n; Nico) 
6 l aes 
v.€. ky eee In Nio — = 
us 1 — Nia 


where 7;) and 7;, are respectively the values of 7; at the beginning of the 
heating and after a long period of heating, while /, is a constant usually called 
the velocity coefficient. 

Levites [1908], on the other hand, stated that this equation did not hold 
for his experiments with gelatin, agar and the sodium salt of a-thymonucleic 
acid. This equation fails, too, to represent correctly the results of the present 


experiments, whereas the equation of the third order reaction 
dn; 


Fs ae = ks (0: — Niw)* 
: l 1 1 ' 
eae =s \ 
v.€. ies Tp: fe = Nico 2 (nio “2 =) Cer ecerecevecccece (4) 
i 1 ] 7 
or eee rec et rece | 


where k, is a velocity coefficient varying with the temperature of heating and 
the concentration of a-glutin is found to be satisfactory. This can be seen 
from Tables 4,5 and 6, in which the 7; (calc.) column is calculated from equa- 
tion (4) using a mean value of kz, and ky, is the velocity coefficient corre- 
sponding to the equation of the second order reaction, 7.e. 


1 l 1 
hs o Ua beeur: ma — Nix ng 1 = eal : 
Table 4. Hydrolysis of 3 per cent. gelatin sol heated at 80°. 
(Data of n; taken from Table 1.) 


7 (hours) Ni n; (cale.) ks ke 434k, 
0-1 2-15 — — — — 
1-0 2-01 2-02 0:33 0-26 0-088 
3:0 1-87 1:86 0:29 0-20 0-060 
6-0 1:75 1-75 0:30 0-18 0-047 

11-0 1-66 1-65 0-29 0-15 0-034. 
20-0 1-57 1-57 0-31 0-13 0-025 
D 1:30 — a — — 

Mean 0-304 


Table 5. Hydrolysis of 3 per cent. gelatin sol heated at 70°. 
(Data of n; taken from Table 2.) 


7 (hours) Ni 7; (calc. ) ke ky 434k, 
0-1 2-00 — — —- — 
2-0 1-93 1-935 0-126 0-083 0-024 
6-0 1:84 1-843 0-118 0-072 0-019 

16-0 1-72 1-719 0-114 0-060 0-014 
20-0 1-70 1-689 0-106 0-054 0-012 
30-0 1-63 1-635 0-119 0-053 0-011 
39-0 1-61 1-602 0-108 0-046 0-009 
n 1-30 — — — — 


Mean 0-115 
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Table 6. Hydrolysis of 1 per cent. gelatin sol heated at 80°. 
(Data of n,; taken from Table 3.) 
7 (hours) Ni n; (cale.) ks ko 434k, 
0-1 26 = 
“244 1-244 10-4 1-16 0-057 


| 
1-2 | 
4-0 1-22 1-221 lL 1-07 0-045 
11-0 1-20 1-198 9-6 0:76 0-028 
me) 1-14. — — _— -- 
Mean 10-4 
CONCLUSIONS. 


1. The change of viscosity 7 of gelatin sol with respect to time ¢ in the 
early stages of its gelation is represented by the equation 


— 4A -(—mWl=S— 9 — WP, 


ag 


> 


1.€. 7-%= ey 
N 

uw being the rate of increase of viscosity at the initial moment of gelation, 

increasing with the initial concentration of the a-glutin. The constant A is 

also larger, the larger the initial concentration of a-glutin, being positive or 

negative according as the initial concentration is below or above a certain 

critical concentration. When positive, A is the asymptotic value of the vis- 


cosity attained after a long time. When Q is negative, gelation reaches its 


Seas £4 nN 
final stage after a finite time given by t= — -. 
: ‘ Ww 


The bearing of the above equation on the nature of gelation is discussed 
at some length. 


2. The change of viscosity 7; of gelatin sol with respect to time 7 in the 
course of its hydrolysis caused by heating is found to be represented by the 
equation, 


dn; 
az = = k(n; — nie)”, 
ie. em : 


(14-1)? =o)?” 

The writer wishes to express his thanks to Dr Yoshio Ishida for some 
valuable suggestions which assisted him in finding the empirical gelation- 
formula adopted. Further studies on the process of gelation with respect 
to concentration and temperature will be reported in a following paper. 
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XXV. NITROGEN PARTITION IN THE URINE 
OF THE RACES IN SINGAPORE. 


By JAMES ARGYLL CAMPBELL. 
(Received July 7th, 1919.) 


INTRODUCTION. 


THE observations here recorded form the continuation of a research directed 
mainly to the question of the nitrogen partition in the urine of individuals 
belonging to different races, including a Brahmin, a Chinese, a Tamil, a 
European, a Malay, a Hindoo, a Eurasian, a Bengali and a Sikh. The European 
has been a lecturer for more than five years and the other subjects have 
studied medicine for at least two years at the local school. 

The first five of these subjects have been under observation since October 
1916. Some of the results dealing with their diet, nutrition and excretion 
have been published [1917] and where comparable they support the evidence 
of the present work. 


Previous RESEARCH. 


A good deal of research has been published connected with diet and 
nutrition in various tropical climates but scarcely any dealing in detail with 
the nitrogen partition, the only searching work being that carried out by 
Young [1915], who studied the protein metabolism of white races living in 
tropical Queensland. His results exhibit no marked variations from the 
averages obtained in temperate climates. 


MeETHOopDs. 


In all cases analyses of the urine were made for seven—in most cases 
consecutive—days. Care was taken to prevent decomposition of the specimens 
by the addition of 2 cc. of 5 per cent. solution of thymol in chloroform. 

Kjeldahl’s method was employed for estimation of the total nitrogen, 
Benedict’s method for urea, Malfatti’s method for ammonia, Johnson’s 
method for creatinine, Salkowski’s method for purine bases, Ludwig-Sal- 
kowski’s method for uric acid, Folin’s method for inorganic and ethereal 
sulphates, Volhard-Arnold’s method for chlorides, the uranium acetate method 
for phosphates, and Folin’s method for the total acidity. 
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Table 1. Statistics regarding Subjects under Observation. 


Height Weight Years Years 
Age in in in resident resident 
Subject Race Birthplace years inches kilos. in Malaya in Singapore 

Brahmin ‘Tamil Ceylon 23 63 46-1 4-0 35 
Chinese Chinese Singapore 22 62 41°3 22:0 22:0 
Tamil Tamil Ceylon 28 62 61-7 9-0 4-0 
Kuropean British Australia 35 67 556 50 5-0 
Hindoo Tamil Ceylon 23 62 46-9 65 2:5 
Malay Malay Malaya 20 63 56-5 20-0 6-0 
Eurasian Eurasian Malaya 20 61 49-5 20-0 2:0 
Bengali Bengali Bengal Is 68 59-1 17-0 3-0 
Sikh Sikh Punjab 23 67 48-2 12-0 3-0 


The composition of the foods and their heat values were taken from a 
standard work | Leach 1911]. 

Statistics regarding the subjects are given in Table I. Table IT shows the 
average figures for the nitrogen partition, and Table III the average figures 
for the non-nitrogenous excretion. 


PRESENT OBSERVATIONS. 


Brahmin. This man was a vegetarian, his diet consisting of bread, butter, 
fruit, vegetables, rice (the staple), milk, jam, pulses, tea, coffee, cocoa, sugar, 
salt and spices. He was under observation for three years, and although his 
diet varied considerably in quantity, it did not vary in quality. The daily 
total nitrogen output for three years varied from 4:3 g. to 8g. He lost 4 lbs. 
weight in three years. 

He lived in the school hostel at the time the observations here recorded 
were made, his average daily diet containing protein 54 ¢., fat 37, carbo- 
hydrate 288, the heat value being 1746 kilocalories, and the daily total 
nitrogen output averaging 5-1 ¢. (Table II). The ammonia nitrogen and 
creatinine nitrogen were not so reduced in quantity as the total nitrogen, urea 
nitrogen and uric acid nitrogen, when compared with the standard for Hurope 
which is shown in Table IT. Therefore the percentages of ammonia nitrogen 
and creatinine nitrogen were higher than the standard percentages, whilst 
the percentages of urea nitrogen and uric acid nitrogen were not so greatly 
altered. 

Hindoo. This man partook of the same diet as the Brahmin. He belonged 
to the same race—Tamil. His average daily diet during the week of observa- 
tion contained protein 63 g., fat 32, carbohydrate 354, the heat value being 
2007 kilocalories. His figures for nitrogen partition, on the whole, confirmed 
the results for the Brahmin. The average daily total nitrogen output was 
5-97 g. representing 37-3 g. protein. The ammonia nitrogen and the creatinine 
nitrogen suffered a smaller reduction in quantity than the other nitrogenous 
excretions and were increased in percentage when compared with the standard 
for Europe (Table II). 

Chinese. This student was under observation for three years. His diet 
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was mixed, containing rice (the staple), bread, butter, milk, jam, beef, mutton, 
pork, chicken, fish, eggs, vegetables, fruit, sugar, salt, tea, coffee and spices. 
During six months of observation his daily diet averaged protein 60 g., fat 43, 
carbohydrate 227, the heat value being 1577 kilocalories and the average 
daily nitrogen excretion 9-25 9. [Campbell 1917]. He gained 3 lbs. weight 
in three years. 

For the week in which the present observations were made the average 
daily nitrogen output was 8-60¢. (Table II). When compared with the 
standard for Europe, the nitrogen excretions, with the exception of the 
ammonia nitrogen and creatinine nitrogen, were much reduced in quantity, 
so that the percentages of ammonia nitrogen and creatinine nitrogen were 
higher than the standard for Europe. 

European. This lecturer was under observation for five years in Singapore. 
During the first three years he lost 14 Ibs. in weight; during the last two years 
his weight was fairly constant. With the loss of weight there was a fall in 
the diet. The nitrogen output fell from 15g. to 12 ¢. per diem. He used an 
ordinary mixed diet, practically identical in type with the diet in Europe. 

The average daily diet during the week of observation consisted of protein 
80 ¢., fat 59, carbohydrates 216, the heat value being 1763 kilocalories, and 
the average nitrogen excretion 11-70 2. (Table IL), which accounted for 73-1 ¢. 
protein. The ammonia nitrogen, 0-69 ¢., was higher than the standard. All 
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the other nitrogenous substances were excreted in smaller quantities than 
the standard for Europe. The creatinine nitrogen 0-47 ¢. was not greatly 
reduced in amount. 

Malay, Eurasian, Tamil, Bengali. These four students are considered 
together because they sat at the same table in the school hostel, and used 
the same mixed diet, resembling in substance that taken by the Chinese 
student. The Malay and the Tamil had been under observation since 1916. On 
the hostel diet the Tamil lost 1 lb. and the Malay gained 5 lbs. in weight in 
three years. The Tamil’s daily diet for three months averaged protein 58 ¢ 
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fat 32, carbohydrate 277, the heat value being 1672 kilocalories and the total 
nitrogen excretion 8-24 @. per diem. The Malay’s diet was similar, averaging 
protein 57 g., fat 31, carbohydrate 239 per diem [Campbell 1917]. 

In the present series of analyses the average daily nitrogen output was 
8-74 2. for the Malay, 9-34 for the Tamil, 9-89 for the Eurasian and 7-57 for 
the Bengali (Table II). In all cases the nitrogenous excretions were much 
smaller in amount than those of the standard for Europe, with the exception 
of the ammonia and creatinine. In all subjects the ammonia nitrogen was 
excreted in greater amount and the creatinine nitrogen in somewhat smaller 
amount than the standard. 

Sikh. This student used a mixed diet similar to that taken by the four 
students mentioned above, but he lived outside the school hostel. His average 
daily nitrogen output was 8-64 ¢. (Table IT), the nitrogen partition resembling 
that of the Malay. 
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CONCLUSIONS. 


On the various diets, vegetarian and mixed, used by the Singapore subjects, 
the nitrogen partition differed from the standard for Europe in the high per- 
centages of ammonia nitrogen and creatinine nitrogen. As regards creatinine, 
the percentage was high because creatinine, being mainly of endogenous 
origin, is not greatly reduced in absolute quantity when the total nitrogen is 
reduced. It will be shown that, in most cases, the amount of ammonia nitrogen 
was excessive. 

Race had no influence on the nitrogen partition, the figures for the different 
races resembling one another fairly closely, after making due allowance for 
differences in diets. 


Nitrogenous Excretions. 


Total Nitrogen. In all cases the daily total nitrogen was much lower 
than that of the standard for Europe; but if we consider the total nitrogen 
per kilogram of body weight it will be observed that the figures 0-210 ¢. 
for the European, 0-208 for the Chinese, 0-199 for the Eurasian, resembled 
the standard 0-200 (Table IJ). The figures for the Brahmin 0-110 and for 
the Hindoo 0-127 were the lowest mainly because the vegetable protein 
eaten by them was not so easily digested as the flesh protein taken by 
the other subjects. The vegetarians used quite as much protein in their food 
as many of the other subjects. Most of the subjects used about half the 
standard quantity of protein. McCay, Chittenden and others have already 
pointed out that it is possible to maintain protein equilibrium on less than 
half the standard for Kurope. The Brahmin and the Hindoo, who had the 
two lowest figures, were the best students of their years. However, the average 
Singapore student under observation had not the physique and energy of the 
average student in Europe nor of the average European resident in Singapore. 
This supports McCay’s views [1910], that races who live on diets of high 
protein content have better physique and energy than those whose diet 
contains less protein. 

Urea Nitrogen. The text-books state that the urea nitrogen, 16 ¢., amounts 
to about 85 per cent. of the total nitrogen excreted, both varying directly 
with the amount of protein absorbed. According to Folin, when the total 
nitrogen output falls to 7—8 g., the urea nitrogen is reduced to about 79 per 
cent. My observations are in general agreement with these conclusions. 

Ammonia Nitrogen. In all cases the percentages of ammonia nitrogen 
were higher than the standard, in some cases very much higher. At first sight 
this might be expected, as Folin found that the ammonia nitrogen forms 
about 5 per cent. of the total nitrogen, if the total nitrogen is only 7 or 8 g. 
Moreover, Malfatti’s method of ammonia estimation, which I employed, gives 
higher results than Folin’s method because the former includes also the 
ammonia of any amino-acids in the urine. Making liberal allowance for the 
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ammonia of the amino-acids, the ammonia nitrogen may form 6 per cent. of 
the total nitrogen, if the latter is only 7 or 8g. and if Malfatti’s method is 
used. But in many cases my percentages were much higher than this; and 
the absolute quantities of ammonia were also higher than the standard, 
except in the two vegetarians, Brahmin and Hindoo (Table II); even in them 
the amounts were higher than one would reasonably expect on their diet. 
In my previous researches on Singapore medical students [1917] and on 
Singapore labourers [1918] large amounts of ammonia were detected on many 
occasions. 

Normally the absolute amounts of urea and ammonia rise and fall together 
with the total nitrogen. In most of my subjects there was a fall in the amounts 
of total nitrogen and urea nitrogen but a rise in the ammonia nitrogen, which 
condition indicates an acidosis. What was the cause? Taking all the diets 
into consideration there was nothing in the food to account for the increase 
of ammonia. Again the analyst’s reports showed that the Singapore water 
was particularly pure. It is held that the sole use of the urmary ammonia is 
for neutralisation of acids formed during metabolism. Probably in the 
Singapore subjects there was a disturbance in metabolism. The severe 
climatic conditions in Singapore may be responsible, seeing that so many 
different subjects were affected. Singapore climate is noted for the lassitude 
it produces. Eight months change in a temperate climate is taken every 
four years, a more frequent change being usual for women. Further experi- 
ments are required to determine whether the acidosis explains any of the 
discomforts and ill-effects of the climate. Young [1915] working in Towns- 
ville, Queensland, has not found any increase in the ammonia nitrogen, but 
he has noted an increase in the neutral sulphur, which he suggests may be 
due to an increased tissue metabolism. Townsville and Singapore climates 
are not very much alike. Singapore, which is much nearer the equator, does 
not enjoy a cool season, the temperature averaging 80° F. for the whole year; 
nor does the Townsville climate affect the health of Europeans in the same 
degree as that of Singapore. 

It is well known that fever—that is, a rise of body temperature—causes 
an increase in urinary ammonia. Hot, moist and still air in Singapore pro- 
duces great discomfort and a rise of body temperature [Campbell 1919]. 
In the cotton sheds in England a rise of mouth temperature is observed when 
the wet bulb thermometer exceeds 75° F.-[quoted by O’Connell 1913]. In 
Singapore this wet bulb reading is often exceeded for weeks at a time. Prob- 
ably this caused the acidosis observed by me. 

Creatinine Nitrogen. The creatinine coefficients (that is milligrams of 
creatinine per kilogram of body weight) of my series resembled the standard 
coefficient for Europe, which ranges from 7—11. My figures varied from 6-8 
for the Tamil to 10-1 for the Eurasian (Table Il). The Brahmin and the 
Hindoo, on a diet containing neither creatine nor creatinine, had practically 
the same coefficient as the subjects on a diet containing these substances. 
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Obviously all the creatinine of the former subjects was endogenous. The 
percentages of creatinine were higher than the standard because creatinine, 
being mainly of endogenous origin, is not lowered in quantity when the total 
nitrogen is decreased. 

Uric Acid Nitrogen. The quantities obtained were all lower than the 
standard figures, but the percentages agreed with the standard. This was to 
be expected since uric acid is decreased by cutting down the protein (nucleo- 
protein) of the diet. The decrease in quantity was particularly noticeable 
in the case of the Brahmin and the Hindoo, who used a vegetable diet. Most 
of their uric acid was evidently endogenous. 

Purine Nitrogen. None of the subjects excreted so large a quantity as 
the standard, because they did not consume so large a quantity of the purine 
bases contained in tea and coffee as the average man in Europe. The tea 
taken by the Singapore European was a very weak infusion, and he never 
drank coffee. 


Non-Nitrogenous Ezxcretions. 


Phosphates. The figures varied from 1-6 g. for the European to 0-9 g: for 
the Bengali (Table III). The ratio of phosphoric oxide to nitrogen is given 
in text-books as 1 to 5 or 6; that is about 2-59. P,O;. With the exception of 
the Brahmin and the Hindoo where the ratio was | to 5, the average ratio in 
my results was 1 to 7-5. The Singapore diets evidently contained smaller 
quantities of absorbable phosphate than the standard diet for Europe. 


Table IIT. Non-nitrogenous excretion. (Average figures.) 


Acidity 
Volume Specific in ce. Inorganic Ethereal 

Subject in ce. gravity N/10 NaOH P,O; NaCl SO, g. SO, g. 
Brahmin 1207 1-013 194 1-1 8-9 0-541 0-097 
Chinese 1113 1-014 285 1-3 7:5 1-250 0-107 
Tamil 997 1-017 348 1-1 4-9 1-174 0-117 
European 1102 1-017 375 1-6 5-4 1-416 0-108 
Hindoo 1016 1-020 262 Lie) 8-5 0-736 0-147 
Malay 1006 1-017 260 1-3 7:0 0-957 0-129 
Eurasian 1056 1-017 286 1-3 5-7 1-174 0-085 
Bengali 1328 1-009 188 0-9 3-2 0-829 0-102 
Sikh 593 1-024 332 1:3 3:0 1-056 0-092 


Sulphates. Only the inorganic and ethereal sulphates were estimated 
owing to the failure to obtain the necessary reagents, etc., for the estimations 
of the neutral and total sulphur. 

The inorganic sulphates weigh about 2:5 ¢. in the standard for Kurope 
and arise chiefly from the oxidation of the sulphur of protein. In my observa- 
tions the amounts of inorganic sulphate followed closely the variations of 
the total nitrogen, the average figures ranging from 0-541 ¢. for the Brahmin 
to 1:416 for the European, the total nitrogen figures being 5-1 and 11-7 
respectively. 
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The ethereal sulphates, which have their origin mainly in putrefaction 
taking place in the intestine, varied considerably in my observations. When 
present in relatively large amounts, constipation was present and a purgative 
readily reduced the quantity. High proportions were observed in the vege- 
tarians, the Brahmin and the Hindoo. 

Chlorides. The standard figure for Europe is 11 ¢. In my series the average 
amounts varied from 3 g. for the Sikh to 8-9 for the Brahmin. The latter and 
the Hindoo excreted the greatest quantities, probably owing to the large 
amounts of potassium salts in their diet. Bunge has shown that potassium 
salts deprive the blood of its chloride, whence the craving for more on a 
vegetable diet [quoted by Howell 1915]. 

It is well known that individuals have been kept in good condition on 
1 or 2g. per diem with experimental diets, so that the Sikh’s figure was not 
very low. 

Acidity. Calculated in ec. N/10 NaOH, the acidity varied from 188 in the 
Bengali to 375 in the European; or, calculated as HCl, it varied from 0-68 
to 1:36 g. The standard figures are given in text-books as 1-5 to 2:3 g. HCL. 
Oné would expect the acidity to fall in the Singapore subjects because their 
diet contained less protein than the standard; and abundant perspiration 
reduces acidity. 


SUMMARY. 


1. The manner in which the nitrogen is distributed in the urine of a 
Brahmin, a Chinese, a Tamil, a European, a Hindoo, a Malay, a Eurasian, 
a Bengali and a Sikh, all attending the Singapore Medical School, is considered. 

2. The absolute quantities of total nitrogen, of urea nitrogen, and of 
uric acid nitrogen, are much lower than the standard figures for Europe, but 
the percentages of urea nitrogen and uric acid nitrogen do not differ materially 
from the standard. In the Chinese, the European and the Eurasian the total 
nitrogen per kilogram of body weight is about the same as the standard; 
in the other subjects the figures are lower than the standard. 

3. The absolute quantity of purine nitrogen is much lower in all subjects 
except the Sikh, in whom it is slightly lower than the standard. The per- 
centages vary greatly. ; 

4. In all cases the percentage of ammonia nitrogen is increased. In many 
cases the absolute amount is increased, and in some cases the increase is well 
marked. This confirms observations on Singapore students and labourers, 
already published. The diet and the water are not responsible. It is con- 
sidered that the excess is due to an increase of acid substances in the blood, 
owing to a disturbance in metabolism, and that the climate of Singapore may 
be responsible, since so many different subjects, living under such different 
circumstances and partaking of different diets, are similarly affected. 

5. The quantity of creatinine nitrogen is slightly lower than the standard 
for Europe but the percentage is higher—in some cases much higher—because 
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the reduction in the creatinine nitrogen is much less than the reduction in 
the total nitrogen. This supports the theory that creatinine is mainly of 
endogenous origin and that it is not lowered greatly by reducing the protein 
intake. The creatinine coefficient for Singapore resembles very closely that 
given for Europe. 

6. Race apart from diet has no influence on nitrogen partition. 
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By HENRY DRYSDALE DAKIN ann HENRY HALLETT DALE. 


(From the Herter Laboratory, New York, and the Department of Biochenustry 
and Pharmacology, Medical Research Committee. ) 


(Received August Sth, 1919.) 


Any rational theory of immunity involves a conception of the relation between 
an antigen and its corresponding antibody. The side-chain theory of Ehrlich, 
to which immunological investigation in the past two decades has largely 
owed its direction, gave a purely chemical conception of this relation. More 
recently attempts have been made to explain certain immunity. reactions, 
such as specific precipitation and agglutination, on purely physical lines, as 
the mutual precipitation of oppositely charged colloids. This latter hypothesis, 
which would make the properties of an immune serum depend upon the 
electric charge on its proteins, and enable these to react with any oppositely, 
charged amphoteric colloid, clearly provides no explanation for the specific 
discrimination which is the characteristic of immunity reactions. There is 
evidence, on the other hand, to show that, whatever be the exact nature of 
the relation between antigen and antibody, it is dependent on the stereo- 
chemical structure of the molecule of the antigen. Ten Broek [1914] showed 
that a racemised protein, which Dakin and Dudley [1913] had found to be 
quite unaffected by proteolytic enzymes, had also lost all power of evoking 
the production of antibodies. It was immunologically an inert substance. 

This observation suggests a possibility of accounting for the hitherto 
puzzling phenomenon of the antigenic disparity between proteins, which to 
ordinary methods of physical and chemical investigation seem to be identical. 
Corresponding proteins from different species often yield, to an ordinary 
hydrolytic analysis, the same amino-acids in apparently identical proportions; 
yet an immunity reaction, such as specific precipitation or anaphylaxis, will 
discriminate clearly between them. Though the amino-acids are the same, 
however, and present in identical proportions, it is evident that change in 
the order of their linkage in the molecule makes possible an immense number 
of variations in its structure. That specific differences, between corresponding 
proteins from allied species, might be due to such differences in the intimate 
pattern of the molecule, was indicated by some recent results. 


& 


CHEMICAL STRUCTURE AND ANTIGENIC SPECIFICITY 249 


When a protein is racemised as far as possible by Kossel’s method, and 
subsequently subjected to acid hydrolysis, it is found that certain of the 
amino-acids have partly or wholly retained their natural optical activity. 
Dakin [1912] gave reason for believing that the amino-acids thus escaping 
racemisation are those occupying the terminal positions in the peptide chains, 
of which the protein molecule is built. By this method Dudley and Woodman 
[1915] were able to obtain a first indication of structural difference between 
the caseinogen of cow’s and sheep’s milk. There was clearly a possibility 
that this type of structural difference, of which the method only gives a 
partial indication, might account for the existence of antigenic distinction 
in cases where an explanation was hitherto wanting. 

It seemed to be worth while, therefore, to take two such pure similar 
proteins,- with good antigenic properties, and to examine, on the one hand, 
their structure, with the help of the racemisation method, and to test, on the 
other hand, the possibility of distinguishing between them by the highly 
specific anaphylactic reaction. In the case of the proteins we chose for. this 
purpose the crystalline albumins from the eggs of the domestic fowl and 
the duck. Prelimimary experiments, recorded by Dale and Hartley [1916], 
had given reason to expect that no difference would be detected by the 
anaphylactic reaction. If this had been confirmed, and if evidence of structural 
difference had been obtained, the possibility of explaining antigenic specificity 
along these lines would have been seriously weakened. The outcome of our 
experiments, however, has been to give definite evidence of difference in the 
arrangement of the amino-acids, and,» with a more careful and extended 
series of experiments than those of Dale and Hartley [1916], a clear discrimina- 
tion between the two proteins by the anaphylactic reaction. 

The preparation of the pure, crystalline albumins, and the comparison 
by the chemical method, were carried out by Dakin, whose share in the work 
was completed many months ago, before his recently published method for 
separation of amino-acids was available. Samples of the albumins were sent 
at the same time to Dale, who was prevented, however, by pressure of other 
work, from undertaking until recently the comparison by means of the 
anaphylactic reaction, for which he is responsible. It was thought better to 
hold back the chemical findings until the biological results were available. 


CHEMICAL EXAMINATION. 


The albumins were prepared from the whites of hens’ and ducks’ eggs of 
unquestionable origin. The method employed for the crystallisation of the 
albumins was that described by Hopkins [1901] and the products were twice 
erystallised. In the case of the duck albumin the initial crystallisation was 
induced by adding rather more acetic acid than that necessary for the crystalli- 
sation of hen albumin. Rather over 300 g. of each of the purified proteins 
were dissolved in water and then dialysed so as to remove most of the adhering 
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ammonium sulphate. The resulting solutions containing 8—10 per cent. of 
protein were incubated for 23 days at 37° with the addition of the requisite 
quantity of caustic soda to bring the concentration of alkali up to half normal. 
At the end of the incubation period, the alkaline mixtures were hydrolysed 
by boiling with sulphuric acid and the resulting amino-acids were separated 
according to the usual methods previously employed in experiments on the 
racemisation of proteins. 

The results as to the relative quantitative yields of individual amino-acids 
from the two proteins are not considered sufficiently accurate for reproduction, 
but in general it may be said that they appeared remarkably similar, especially 
as regards the high yield of phenylalanine and arginine, and relatively low 
yield of histidine, aspartic acid and leucine. 

The results follow: 


Amino acid 


Alanine (1) 
Valine (2) 
Leucine (3) 
Proline (4) 
Phenylalanine 
Tyrosine (5) 
Aspartic acid (6) 


Glutamic acid 
Histidine (7) 
Arginine 
Lysine (8) 


“Racemised” hen 
albumin 
Not racemised 
Partly racemised 
Mostly racemised 
Completely inactive 
Inactive 
Mostly inactive, some 
active 
Completely inactive 


99 99 


Active * 


Inactive 


“Racemised” duck 
albumin 
Not racemised 
Partly racemised 
Mostly active 
Mostly racemised 
Completely inactive 
Inactive 
Completely inactive 


99 9° 
Mostly active 
Active 
Inactive 


Comments 


No difference 

39> 99 

A definite difference 
No difference 

s9 99 


” be) 


Definite difference 


No difference 
Definite difference 
No difference 


> 39 


(1) The specific rotations for the alanine hydrochlorides were + 6° and 
+ 7-5° respectively compared with a theoretical value of + 10° but this repre- 
sents no greater racemisation than usually occurs in the separation of the 
active alanine from proteins. No racemisation of the alanine group in the 
proteins by the alkah is indicated. 

(2) The valine fraction was not obtained perfectly free from leucine and 
in both cases was mostly racemised. 

(3) A marked difference was noted here. The first large fraction of pure 
leucine (9 g.) crystals was absolutely inactive in the case of the hen albumin 
while the corresponding fraction (7 ¢.) from the duck albumin was almost 
exclusively the / form, [a], = + 15° in 20 per cent. hydrochloric acid. Theo- 
retical value = + 15-6°. The whole of the leucine from the duck albumin 
had a mean rotation in hydrochloric acid of + 13-5° indicating about 85 per 
cent. of the active variety, while the corresponding rotation of the hen 
albumin leucine was + 4:3°, and this is probably partly due to contaminating 
valine. Certainly not more than 27 per cent. of the leucine from the racemised 
hen albumin was in the active form. 

(4) Most of the proline from both preparations was inactive. The hen 
product had a rotation in water of — 5° while the proline from duck ege 
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albumin showed a value of — 9-9°. Pure /-proline has a specific rotation in 
water of — 77-4°, and while much racemisation ordinarily occurs in the process 
of isolation, the above values are much lower than those previously observed 
even from other racemised proteins, so that it appears that most of the proline 
groups in both proteins were inactivated by the action of alkali. 

(5) No perfectly pure specimens of tyrosine were obtained, since the more 
soluble inactive acid in small amounts is hard to separate from leucine and 
other impurities. No laevo-rotation was observed in any case. 

(6) The whole of the aspartic acid from the duck egg albumin was optically 
inactive as well as the mother-liquors from which aspartic acid was separated, 
so that it is certain that none of the active acid was present. From the hen 
egg albumin, in addition to a considerable amount of racemic aspartic acid, 
a small amount (0-3 g.) of the pure laevo-acid was separated. It decomposed 
around 270°, was faintly laevo-rotatory in alkaline solution, and had 
[a 22 = + 24-5° in hydrochloric acid solution (3 mols). Titration with standard 
alkali using litmus as indicator proved the purity of the product and freedom 
from leucine. Optically pure aspartic acid under similar conditions shows a 
specific rotation of + 25-7°. Since in any case l-aspartic acid is largely 
racemised during its separation by the ester method, the detection of a little 
of the laevo-acid must be taken to indicate the original presence of con- 
siderably more of the active acid. 

(7) The whole of the histidine fraction from the hen egg albumin was 
completely inactive both as free base and as salts. On the other hand the 
histidine from the duck egg albumin, though small in quantity, was strongly 
laevo-rotatory, having [a]? = — 27-2°, compared with — 39° for the optically 
pure base. 70 per cent. of the histidine was therefore made up of the laevo- 
variety. In each case the histidine was successively separated and identified 
as phosphotungstate, silver salt, precipitation with mercuric sulphate, and 
picrolonate. 

(8) In neither case could any dextro-lysine be detected, but it is note- 
worthy that in each case the lysine fraction was feebly laevo-rotatory. The 
cause of this is obscure, but it was certainly not due to contamination with 
proline. 


ANAPHYLACTIC REACTIONS. 


The experiments were all made on guinea-pigs, each of which received a 
preparatory injection of 1 mg. of one or other of the albumins. After intervals 
varying from 19 to 31 days they were tested for sensitiveness. Most of the 
tests were made, by the now familiar method, on the isolated uterine muscle, 
young virgin females being chosen for this purpose. The use of this method 
enabled sensitiveness to both albumins to be tested on the same animal. 
In most cases some degree of sensitiveness to both was present. In many 
a high degree of sensitiveness to the albumin not used for the preparatory 
injection was observed. In all cases, however, a preferential sensitisation 
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to the antigen given in the preliminary injection could be detected. - Kven 
when a small first dose of the non-specific antigen caused an apparently 
maximal contraction, the uterine muscle could be completely desensitised to 
this and yet retain sensitiveness to the specific one; whereas desensitisation 
to the specific antigen left the muscle completely insensitive to the other. 
In some cases the specificity was apparently absolute, the muscle being in- 
different to a large dose of the non-specific and subsequently reacting typically 
with the specific antigen. 

A small confirmatory series of experiments was made on intact animals, 
the doses being injected into the jugular vein. 

The albumins were always dissolved in physiological saline solution, and 
the greatest care was exercised, by the use of separate sets of measures, 
pipettes, etc., to avoid any possibility of contaminating one solution with 
traces of the other. 


EXPERIMENTS ON THE ISOLATED UTERUS. 


The following are characteristic records. 


Expl. 1. Sensitised with 1 mg. of duck albumin. 19th day. 


Ist horn. (1) O-lmg. Hen. No reaction. 
Change Ringer’s solution. 
(2) 0-lmg. Duck. Good but not maximal contraction. 
Change Ringer. 
(3) lmg. Hen. Small reaction. 
Change Ringer. 
(4) lmg. Hen. Nil. (Desensitised to hen.) 
(5) lmg. Duck. Good but not maximal reaction. 
2nd horn. Not tested. . 


Expt. 2. Sensitised with 1 mg. hen albumin. 21st day. 


lst horn. (1) 0-lmg. Duck. Nil. 
(2) 0-1 mg. Hen. Maximal contraction. 
Change Ringer. 
3) O-lmg. Hen. Nil. 
2nd horn (see Fig. 1). (1) 2mg. Duck. Nil. 
2) 0-lmg. Hen. Maximal contraction. 
Change Ringer. 
(3) O-l mg. Hen. Nil. 
(4) lmg. Hen. Nil. 


This is an example of very perfect specificity. 


Expt. 3. Sensitised with 1 mg. hen. 30th day. 


lst horn. (1) 0-lmg. Duck. Maximal contraction. 
Change Ringer. 

(2) 0-Ol mg. Hen. Weak contraction. 

(3) 0-Ol mg. Hen. Nil. 

(4) 0-1 mg. Hen. Moderate contraction. 

(5) 1mg. Hen. Very weak contraction. 
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(1) 0-01 mg. Duck. Moderate contraction. 
(2) O-lmg. Duck. Nil. 
(3) 1mg. Duck. Weak contraction. 
Change. 
(4) lmg. Duck. Nil. (Desensitised to duck.) 
(5) 0-Ol mg. Hen. Weak contraction. 
(6) O-lmg. Hen. Moderate contraction. 
Change Ringer. 
(7) lmg. Duck. Nil. 
Change Ringer. 
(8) 1mg. Hen. Moderate contraction 


2nd horn. 


Fig. 2. See Expt. 4, 2nd horn. Effect of 1 part of specific antigen (Duck albumin) in 


500 millions of Ringer’s solution. 
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The maximal response given to the first dose might easily give the im- 
pression that the sensitisation to duck albumin was as intense as to hen. 
The record of the second horn, however, shows clearly that complete de- 
sensitisation to duck leaves a power of responding even to 0-01 mg. of hen 
albumin. The same distinction is shown in the next record, in which the non- 
specific sensitisation is of a high order, but that to the specific antigen 1s 
much greater. It may be noted that the bath containing the organ held 
50 ec., so that a dose of 0:0001 mg. produces a concentration of only 1 in 


500 millions. 


Expt. 4. Sensitised with 1 mg. duck. 31st day. 
lst horn. (1) 0-01 mg. Hen. Maximal contraction. 
Change Ringer. 
(2) 0-01 mg. Hen. Very small contraction. 
Change Ringer. 
(3) 0-01 mg. Hen. Nil. 
(4) 0-01 mg. Duck. Moderate contraction. 
2nd horn. (1) 0:0001 mg. Duck. Moderate contraction. (See Fig. 2.) 
Change Ringer. 
(2) 0:001 mg. Duck. Nil. 
3) 0:01 mg. Duck. Maximal contraction. 
Change. 
(4) O-lmg. Hen. Nil. 
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Expt. 5. Sensitised with 1 mg. duck. 30th day. 


Ist horn. (1) 0-001 mg. Hen. Nil. 
(2) 0-001 mg. Duck. Moderate contraction. 
Change Ringer. 
(3) O-lmg. Hen. Nil. 
(4) 0-lmg. Duck. Larger contraction than at (2). Not maximal. 
2nd horn. Not tested. 


Expt. 6. Sensitised with 1 mg. duck. 28th day. 


lst horn. (See Fig.3.) (1) 0-1 mg. Hen. Nil. 
(2) 0-1 mg. Duck. Maximal contraction. 
Change Ringer. 
3) O-l1mg. Duck. Nil. 
(4) 2mge. Duck. Nil. 
2nd horn (see Fig. 4): (1) 2mg. Hen. Moderate contraction. 
Change Ringer. 
(2) 0-l1mg. Duck. Maximal contraction, 
Change Ringer, 
(3) O-lL mg, Duck, 
(4) 2meg, Duck. 


Fig. 4. Continuation of Expt. 6. 2nd horn. 
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EXPERIMENTS ON INTACT GUINEA-PIGS. 
Sensitising injections hypodermic; test injections intravenous. 
|. Sensitisation—I me. hen albumin. 


Days after 


Weight in g. first injection Second dose Xesult 
300 32 0-1 me. Hen + in 4’ 
290 30 0-05 Hen + in 4’ 
200 30 0-01 Hen Slight symptoms 
180 33 0-01 Hen Slight symptoms 
270 32 0-1 Duck Moderate symptoms 
245 30 0:5 -. Duck Slight symptoms 


The lethal dose for hen albumin apparently lies between 0-01 and 0-05 mg. 
For duck albumin it is not reached even at 0-5 mg. though there are symptoms 
of reaction even with 0-1 mg. 


2. Sensitisation—1 mg. duck albumin. 


Days after 


Weight in g. _ first injection Second dose Result 
290 32 0-1 mg. Duck fT in 3’ 
250 30 0-05 Duck f in’3’ 
225 30 0-01 Duck Slight symptoms 
200 33 0-01 Duck Slight symptoms 
290 32 0-1 Hen jpaee 
240 30 0-05 Hen Nil 


Again the distinction is clear, but a guinea-pig dies, in this series, after 
0-1 mg. of the non-specific albumin. 


DISCUSSION. 


So far as they go, the results support the conception that the stereo- 
chemical steucture of the protein molecule is at least an important factor in 
antigenic specificity. Without the information given by the racemisation 
method these two proteins would have been indistinguishable, except by an 
immunological test. Tke racemisation having shown a structural difference, 
the presumption that structure and antigenic specificity are related seems 
to be warranted. This conclusion, however, provides only a first step towards 
a conception of the relation between antigen and antibody. In due course it 
will be of interest to discover whether that protein of an immune serum, 
which carries the specific “antibody” action, shows any difference of molecular 
pattern from the corresponding protein of a normal serum. Meanwhile the 
only kind of relation which seems to provide even a distant analogy is that 
of enzyme and substrate; but the discrimination of the antibody is far more 
delicately specific. 
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SUMMARY. 


The crystalline albumins from the eggs of the domestic fowl and duck 
behave as distinct antigens for the anaphylactic reaction. This difference 
corresponds with a difference in structure, as revealed by the fact that, when 
the proteins are racemised, the amino-acids escaping racemisation are not 
identical in the two cases. 
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XXVII. THE ROLE OF THE PLASMA PROTEINS 
IN DIFFUSION. 


By THOMAS HUGH MILROY anp JOSEPH FRANCIS DONEGAN. 
(Physiology Department, Queen’s University, Belfast.) 


(Received August 11th, 1919.) 


THERE is nothing more remarkable than the maintenance of a constant com- 
position of the blood plasma under the most varied conditions. This is shown 
‘very clearly in the regulation of the reaction of the blood, and attention has 
now been directed by Haldane and Priestley [1916] to a similar control as 
regards the water and salts when large quantities of water or salt solutions 
are ingested or in the opposite condition of profuse sweating. The electrolyte 
concentration of the serum was shown by Priestley [1916] to be very shghtly 
diminished when large quantities of water were taken and slightly increased 
when salts were added to the water. Again, after severe loss of blood, the volume 
of the circulating fluid is rapidly restored by the entrance of fluid from the 
tissue spaces and, as will be shown later, this fluid which enters must possess 
approximately the electrolyte concentration of the original blood plasma. 
Under these varied conditions there is one class of constituent of the plasma, 
as there is also one in the tissues, which can only with great difficulty leave 
its original situation and that is the colloidal element, the protein. Thus 
after the entrance of non-protein-holding fluids into the blood by ingestion 
or injection, the colloidal concentration is lowered and on removal of a similar 
fluid, as in sweating, it is raised. Again after haemorrhage the fluid which 
enters being either free from or poor in colloid leaves the colloidal concentra- 
tion at a lower level than the normal. Variations in the colloidal concentration 
of the blood are therefore dependent upon the addition or withdrawal of 
non-colloidal solutions. Neither the proteins of the tissue fluids nor the 
proteins of the plasma can be readily transported, and the exchange of water 
and salts from one side to the other must- be largely governed by the colloidal 
concentration on these two sides. To Starling and others we owe much of 
our knowledge of one way in which the protein concentration of a fluid may 
make itself felt, namely by affecting the osmotic pressure level and so con- 
trolling the filtration process through a membrane impermeable for the 
protein molecule. Before entering upon the consideration of the various 
ways in which the protein content of a fluid may affect saline diffusion, a 
brief reference will be made to certain changes which the blood plasma 
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undergoes after haemorrhage, in so far as these may contribute to our know- 
ledge of the nature of the exchange between tissue fluids and blood. Many 
investigations have been carried out dealing with this subject and that there 
are certain well defined changes has been clearly established. After haemor- 
thage the blood shows a decrease in specific gravity, viscosity, and protein 
content. The chloride concentration is little if at all affected, while according 
to Taylor and Lewis [1915] the non-protein nitrogen and urea are apparently 
increased. Special reference however requires to be made to the degree of 
the alterations in specific gravity, viscosity, protein and electrolyte concen- 
' tration with a view to the subsequent consideration of the part played by 
protein and salts in the exchange between blood and tissues. The effects of 
haemorrhage therefore were investigated in order to determine the nature 
and degree of the changes produced in the plasma. 


EFFECTS OF HAEMORRHAGE. 


. The methods employed in the determination of these changes were as 
follows. The specific gravity was estimated in the usual way, a tube of the 
Sprengel type being employed and the tube filled with water and then with 
plasma at 18°. 

Viscosity was determined by the Ostwald type of viscosimeter and deter- 
minations made either at 25° or 37°. 

Conductivity was determined by the Kohlrausch method, the conductivity 
cell used being of the Washburn type and the observations were made in 
electrically regulated thermostats at 25° and 37°. 

Nitrogen was estimated by Kjeldahl’s method. 

After loss of blood varying from 30—57 per cent. of its total volume, in 
both the cat and dog, the specific gravity, viscosity and percentage of nitrogen 
fall while the conductivity rises. The fall in specific gravity is very slight, the 
mean percentage fall in the cat being 0-2 and in the dog 0-13. The fall in 
viscosity is more distinct, ranging on an average from a 5 per cent. decrease 
in the viscosity coefficient in the dog to 10 per cent. in the cat. The nitrogen 
percentage shows a mean decrease of about 14-5 in the cat to 18 in the dog. 
The rise in conductivity, although always to be observed, is comparatively 
small, ranging from 1-92 mean percentage rise in the dog to 3:8 in the cat. 
These changes are given in detail in the following table (Table I). 

The decrease in the nitrogen content of the blood after haemorrhage and 
the fall in viscosity are the most distinctive alterations, and the latter is the 
expression of the lowered protein content, as the non-protein nitrogen is 
evidently increased as a result of haemorrhage. The fluid which enters the 
blood after haemorrhage must have at least the electrolyte concentration 
of the normal plasma because even after the most severe loss of blood there 
is no evidence of a fall in conductivity. It is therefore evident that the blood 
plasma tends to maintain its normal electrolyte concentration not only after 
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the ingestion of fluids but also after severe loss of blood from the body. As to 
the nature of the salts entering the blood vascular system, from a small 
number of analyses it was evident that at least the chloride content of the 
plasma was not distinctly altered. From Luckhardt’s [1910] observations 
the chloride content of the lymph and tissue fluids is rather higher than 
that of the blood serum in the same animal. The passage of such a fluid from 
tissue spaces into blood must affect the protein-salt equilibrium between 
tissue elements and the fluid which bathes them. It was therefore thought 
advisable to study by as simple methods as possible the influence of proteins 
on salt diffusion. 


DtrFrusion oF NaCl From PROTEIN SOLUTIONS. 


In order to study the réle of proteins in saline diffusion attention was 
particularly directed to the velocity of diffusion under as nearly as possible 
constant conditions. The influence of proteins on the diffusion of salt from a 
protein salt solution into water was investigated in one or other of the following 
ways. The solutions were separated from one another either by means of a 
collodion membrane in tubular form, or as a flat diaphragm. The rate of 
change was followed by making conductivity determinations and also by 
analysing the saline content of the water at regular intervals. The water 
towards which the salt was diffusing was either kept running at a constant 
slow rate or it was changed at stated intervals in order that the concentration 
gradient should be fixed by the saline concentration in the protein salt solution 
and therefore be a function of the same. In order that the experimental con- 
ditions should be tested as regards their suitability for determining velocity 
coefficients, the rate of diffusion from a simple aqueous solution of the salt 
in the same concentration and under exactly the same conditions, as regards 
filtering membrane, rate of change of water, temperature, etc., was always 
determined either before or after, or both before and after, the corresponding 
experiment with the protein salt solution. 

All experiments were carried out in one or other of two thermostats 
heated by electric radiators and with suitable toluene-mercury regulators. 

One thermostat was kept at a constant temperature of 25°, the other at 
37°, or in some cases slightly over that temperature. 

The collodion membranes were made by a modification of Walpole’s 
method [1915], the films being allowed to dry in a closed chamber saturated 
at 20° with alcohol-ether vapour instead of being freely exposed to air. By 
this method the passage of the protein through the membrane was diminished 
to a mere trace. 

Conductivity determinations were made by the ordinary Kohlrausch 
method, the platinised plates being fixed in a definite position in the collodion 
tube. In the case of the diaphragm dialyser, two glass vessels of the small 
desiccator cover form (300 cc. capacity) with flanges were used, the collodion 
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diaphragm with a diffusing surface of 34 sq. em. being clamped between the 
two vessels and the edges of the flanges carefully sealed with Chatterton’s 
cement. Tests were always carried out before each experiment in order to 
exclude any possibility of leakage at the margin. The glass stopper bearing 
the platinised plates could be placed in either of the two chambers. The 
majority of the conductivity determinations were made in the fluid from which 
the salt was diffusing out. The chloride estimations were made by Volhard’s 
method, and in cases where protein was present the modification of this 
method described by Rappleye [1918] was employed. In the first set of 
experiments, the diffusion rates of salt into conductivity water from (a) simple 
NaCl solution in water, (6) gum arabic solution with the same salt content, and 
(c) ox blood serum were investigated. The experiment was carried out in the 
diaphragm dialyser, the water being changed at the end of each three hour 
period and the chloride estimated. The conditions of the experiment in all 
three cases were identical. In each case the solutions were warmed to 37-5° 
before placing them in their respective chambers, and the conductivity water 
introduced at the end of each three hour period was also raised to the same 
temperature before replacing the preceding dialysate. The fall in conductivity 
in the three saline solutions was determined at frequent intervals and the 
one hour readings are given in Table II and are plotted out in Fig. 1. 


Expt. 1 (Fig. 1). Diffusion from NaCl, NaCl-gum, and serum to water. 
Sol. A. 0-795 per cent. NaCl. 


», B. 0-795 per cent. NaCl in 6 per cent. gum arabic. 
», C. Ox blood serum (0-624 per cent. NaCl). 
Temperature 37:5°. 

The dialysate was replaced by fresh conductivity water at the end of the 
third, sixth and ninth hours. 

In Fig. 2 the results of the chemical analyses of the chloride content in 
terms of the percentage NaCl loss during diffusion are plotted; the experi- 
ments in each case were for a period of 12 hours. 

The viscosity coefficients at 37-5° of the three solutions were 


7 37-50. (Water=1.) 


A 1:014 
B before diffusion 2-676 

after - 3-080 
C 1-878 


As may be readily observed on examination of the curves, the rate of 
passage out of the salt from the protein solution is evidently not a function 
of the viscosity, as the gum arabic solution is the more viscous fluid. 

From about the fifth—sixth hour the velocity of diffusion from the serum 
becomes distinctly slower than in the case of the gum arabic or the simple 
salt solution. The diffusion from the gum arabic solution is somewhat slower 
and also more regular than in the case of the simple salt solution. If one 
regards the concentration gradient as determined by the salt concentration 
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in the solution from which the salt is diffusing and that therefore there is 
little back effect, then according to the law of mass action the rate of diffusion 
at the time ¢ should be proportional to the concentration at that time. Taking 
% as the original concentration in each case and z as the concentration at 
the stated periods, the velocity coefficients for the time unit one hour, de- 
termined from the equation 


are shown in Table II. 


Kx 10? 


Time in hours 
Fig. 1. Diffusion Curves. (Conductivity Measurements). 


0-795 % NaCl against Water. © ——__—_—_ A. 
Gum Arabic solution in -795% NaCl against Water. &----— B. 
Blood Serum against Water. @ C. 


The coefficients so determined are only approximate, but for comparative 
purposes between the three solutions they are valid. 
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Table Il. Velocity coefficients of diffusion in the three solutions. 


A. 
Time in hours NaCl present *o b= ; log, %o 
z r 
0 1-652 (a) . — 
3 0-986 1-675 0-17) 
6 0-551 3000 0-183 
9 0-309 5-346 0-186 
12 0-131 11-884 0-206 
Viscosity 7 37-50 = 1-0146. 
B. 
0 1-669 a= 2s 
3 1-018 1-639 0-164 
6 0-618 2-700 0-165 
9 0-378 4-415 0-166 
12 0-228 7-320 0-165 


Viscosity 7 97-50 =2°676 before and 3-080 after diffusion. 


C. 
0 1-560 — — 
3 1-037 1-504 0-136 
6 0-720 2-166 0-129 
9 0-597 2-613 0-106 
12 0-481 3:243 0-098 


Viscosity 737.50 = 1-878. 


In the case of blood serum there is a gradual fall in the coefficient, most - 
distinct between the sixth and ninth hours, the gum arabic saline shows 
a very regular rate of diffusion proportional to the concentration while the 
simple watery solution of salt shows a rather variable rate under the experi- 
mental conditions due to back pressure effects, but the rate is faster at the 
lower concentrations. 

As the gum arabic solution is the most viscous of the three it is evident 
as already mentioned that some factor other than that of viscosity is con- 
cerned in the diffusion of salt from serum. This of course in no way invalidates 
the experimental evidence in support of the advantage of the addition of 
gum to saline injections, the value of which is undoubted as shown by the 
researches of Bayliss [1918] and others. The blood serum differs from the 
gum arabic solution in possessing a constituent which requires a certain salt 
concentration for its solution, namely globulin, and it is during the later 
period of diffusion that this body separates out. The question whether the 
other protein in solution in the serum plays any part as a governing factor 
was examined in the case of dialysed horse plasma. The experiment was 
carried out in a collodion tube. In order that the effect of the globulin might 
be compared with the globulin-free (or globulin-poor) solution similar diffusion 
experiments were carried out with normal and dialysed (10 days) plasma. 

The globulin suspension was removed from the dialysed plasma by cen- 
trifugalisation. The collodion tube was fitted with a rubber stopper through 
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which passed two glass tubes carrying platinum plates and also two tubes 
for filling purposes. The tube was then inserted in a glass jacket, the volume 
of the outer space being 200 cc. and that of the tube 90 cc. The apparatus 
was placed in a thermostat at 25°. The solution containing the salt, warmed 
to 25°, was placed in the inner tube and water, previously heated to the same 
temperature by passing through spiral glass tubing in the bath, was allowed to 
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0-795% NaCl. © A. 
Gum Arabic containing 0-795 % NaCl. A ----— B. 
Blood Serum. (0-624% NaCl.) @ C. 
flow through the outer jacket at a rate of 250 cc. per hour. The outflow fluid 
was collected at two hour intervals and the NaCl estimated. The diffusion 
rates from the following three salt-containing solutions were then determined 
and are plotted in Fig. 3 as percentage NaCl loss against time. 
Expt. 2. Diffusion from NaCl, normal horse plasma, and dialysed horse 
plasma (with salt). 


Sol. A. 0-547 per cent. NaCl in water. 
» B. Dialysed Plasma containing 0-574 per cent. NaCl. 
» C. Normal Plasma 0-547 per cent. NaCl. 
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During the first six hours there is not much difference in the rates of 
diffusion of NaCl from normal plasma and from the simple watery solution 
of the salt, although the former shows the slower rate. Diffusion from the 
dialysed horse plasma is distinctly the slowest of the three. Thus 82-96 per 
cent. is lost from A, 75-57 per cent. from B, and 79-05 per cent. from O. 
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In the last six hours however there is a distinct difference between the 
globulin-free (or poor) solution and the globulin-containing one, the rate 
of diffusion being slower in the latter than in the former. 

If one compares the velocity coefticients of the first four hours and the 
last eight hours in each of the three solutions, this becomes evident. 

A B C 
k 1st 4 hours :& last 8 hours 1: 1-08 1: 0-92 1: 0-78 

Fig. 3 shows clearly that the curve of diffusion in the case of normal horse 

plasma begins to show the slowing in the diffusion rate about the fourth hour, 
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and as diffusion from the dialysed plasma is distinctly slower than from the 
normal in the preceding four hours the two curves converge from that point 
onwards. 

It is evident therefore as in Experiment 1 that the globulin-holding 
solution disturbs the diffusion rate in the later stages and as the globulin-free 
solution in Experiment 2 does not show the same change, the protein other 
than globulin is not the main cause of the altered rate of diffusion observed 
in the later stage. As in the case of the blood serum or plasma the fall in 
diffusion rate is always accompanied by a separation of the globulin, it was 
thought advisable to investigate the salt diffusion under conditions where 
the globulin did not separate out on dialysis. The diffusion rates of salt from 
dialysed plasma and from globulin in acid solution (prepared from the 
globulin separated out from the normal plasma) were therefore investigated. 
During the period of diffusion the acid globulin only showed a faint trace of 
separation from the mixture, the solution becoming faintly opalescent. The 
globulin obtained by dialysis for a period of ten days from 200 cc. horse 
blood plasma, was removed by centrifugalisation, dispersed in 5 cc. 0-1N HCl, 
and the volume made up to 200 cc. with water. The mixture was allowed to 
stand for 24 hours at room temperature and the small residue of undissolved 
globulin was then removed. The solution was made up to 0-470 per cent. NaCl. 
The nitrogen value of the solution was 0-146 per cent. The rates of diffusion 
to water from 0-1 normal NaCl in water, 0-1 normal NaCl in dialysed plasma 
(nitrogen 0-796 per cent.), and 0-470 per cent. NaCl in the acid solution of 
globulin were determined. To compare with the acid solution of globulin 
an alkaline solution was prepared in the same way, 6 cc. 0-1N NaOH being 
added. The nitrogen value of this solution was 0-148 per cent. As the alkali 
globulin solution on dialysis showed a precipitate it could not be made use 
of for the purpose of this special experiment, in which the influence of globulin 
in solution throughout the diffusion process was being investigated. The salt- 
containing solutions were placed in the collodion tube of the same apparatus, 
water being allowed to pass through at a rate of 250 cc. per hour, and in 
addition at two hour intervals the outer fluid was removed and replaced by 
fresh conductivity water. The water which had run through during the two 
hour period was added to that drawn off at the end of the period and the 
chloride content estimated. The results are shown in Fig. 4. 

Expt. 3. Diffusion from NaCl, dialysed horse plasma (0-1 normal NaCl), 
acid globulin (0-470 per cent. NaCl), alkali globulin (0-528 per cent. NaCl) to 
water. 


Sol. A. NaCl, 0-1 normal. 
» B. Dialysed Horse Plasma. 
, C. Acid Globulin. 
» D. Alkali Globulin. 


As is evident from the curves in Fig. 4, the diffusion rate from acid globulin 
is much slower throughout than from the other three solutions which show 
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diffusion curves of much the same form. The difference in the diffusion rate 
of salt from the acid globulin solution is possibly related to the influence of 
the acid on the hydrolysis of the globulin salt, retarding it to such an extent 
that the solution at the end was only faintly opalescent. Under those cir- 
cumstances the globulin-salt compound had not evidently undergone dissocia- 
tion to the same extent as in the alkaline medium. Hardy [1905], Pauli [1903], 


Percentage NaCl Loss 


Time in hours 


Fig. 4. Diffusion Curves. (Percentage NaCl Loss.) 


NaClSolution—————————— @ % NaCl=0-585; A. 
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Mellanby [1905] and others have studied the influence of salts on the solution 
or precipitation of the globulin and have recognised that the globulin forms 
salt compounds in equilibrium with the salt in solution. Pauli concludes 
that in the solution compounds of globulin with such a salt as NaCl are formed 
of the type Na-Globulin-Cl. It has been pointed out that, in cases where the 
effect of electrolytes in solution on living tissues is altered by the addition 
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of protein to the solution, the action is probably due to the removal of electro- 
lytes from their sphere of action. All such experiments tend to show that 
certain proteins at least have a chemical (or physico-chemical) affinity for 
electrolytes. 

In order to investigate the matter further certain experiments were 
carried out to determine the rate of passage of NaCl from an aqueous solution 
to one of egg white dialysed to such an extent that the globulin had just 
separated out. The rates at which the salt entered the solution containing 
a suspension of globulin were determined at first by following the conductivity 
changes in the protein mixture and also by estimating by chemical analyses 
the amount of the salt transported to such a solution compared to the rate of 
transport to water. As the conductivity changes were exactly of the same 
order as the chemical but were complicated owing to the suspension in the 
fluid, reference will only be made to the amounts of salt passing from the 
same volume of 0-03 normal NaCl in one case to the protein mixture and in 
the other to conductivity water. 

Expt. 4. The experiment was carried out in the following way. Filtered 
egg white was taken, dialysed to the point of separation of the globulin, and 
190 ce. of this mixture containing 2-731 per cent. protein were placed, after 
warming to 37°, in the upper chamber of the diaphragm dialyser. The lower 
chamber was filled with 300 cc. 0-03 normal NaCl. After a period of four hours 
had elapsed the fall in NaCl content in the lower fluid was determined. 

The total chloride in the lower fluid at the outset was 0-5512 g. in 310 ce. 
and at the end of four hours, it had fallen to 0-4894, 7.e. 61-8 mg. NaCl passed 
to the protein mixture in four hours or 15-45 mg. per hour. Using the same 
membrane and under the same conditions, but placing conductivity water in 
the upper chamber, the amount of chloride passing out towards water was 
found in the experiment to amount to 43-4 mg. in four hours or 10-85 mg. per 
hour. 

The experiment was repeated with a membrane of slightly different 
permeability, all the other conditions remaining the same, when it was found 
that 76-27 mg. NaCl passed out to protein in four hours or 19-0 mg. per hour, 
while to water 52:65 mg. NaCl passed out in four hours or 13-16 mg. per hour. 
The rate therefore of saline diffusion in the first case to protein and to water 
respectively was as 15-45 : 10-85 or as 1-42: 1, and in the second as 19-06 : 13-16 
or as 1-44:1. 

Expt. 5. Using the same membrane that was employed in the last case, 
the rate of passage of NaCl to dialysed egg white containing 6-08 per cent. 
protein was tested under exactly the same conditions. It was found that 
107-6 mg. NaCl passed out in four hours or 26-9 mg. per hour. The rate 
therefore in this case with the higher protein content compared to the rate 
of passage into water was as 26-9: 13-16 or 2-04: 1. 

Expt. 6. In the next experiment using a fresh diaphragm, the rate of 
passage of NaCl from a solution of very low cencentration, 0-003 normal, to 
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an ege-globulin suspension also of low concentration (0-14 per cent. protein) 
was determined. In this case only LO mg. NaCl passed through in four hours 
and in the comparable experiment with the same membrane but with con- 
ductivity water in the upper chamber 7 mg. NaCl passed through in the 
same period, the ratio of the rates therefore being 1-42 to 1. 

In all the experiments sodium chloride passed more rapidly from the salt 
solution to the protein mixture (containing a globulin suspension) than to 
water. It is evident therefore that the decrease in the diffusion rate of sodium 
chloride from a salt protein solution such as blood plasma during the period 
of separation of the globulin is intimately related to the increased rate of 
passage of salt towards a globulin suspension which has as its accompaniment 
the solution of the globulin. The question as to whether “mechanical” or 
chemical affinity is the predominating factor in the fixation of NaCl by 
globulin (in suspension) is difficult to decide. 

Expl. 7. With a view to determine whether the solution of the suspended 
globulin is the governing factor in the process, the proteins in a specimen of 
dialysed egg white were coagulated by raising the temperature to 80°. The 
mixture was then cooled to 37° and 230 cc. of the mixture, containing approx- 
imately 4:25 per cent. protein, were placed in the upper chamber of the 
diaphragm dialyser. The lower chamber was filled with 320 ce. 0-03 normal 
NaCl. The permeability of the collodion diaphragm was such that with the 
same strength of the salt solution in the lower chamber and conductivity 
water in the upper, the respective volumes being the same as in the experi- 
ment with the heat-coagulated protein mixture, the rate of passage of NaCl 
to water was 63-6 mg. in four hours or 15-9 mg. per hour. 

In the case of the clotted egg white 64:4 mg. NaCl passed from the salt 
solution to the protein mixture in four hours or 16-1 mg. per hour. The 
diffusion rates therefore of salt from simple watery solution to water and to 
clotted egg white were approximately the same. 

It appears therefore that the actual solution of the globulin is the determin- 
ing factor in governing the rate. That the difference in velocity of diffusion is 
due to variations in the permeability of the membrane owing to blocking up of 
the pores with consequent diminution of the cross-sectional area of the diffusion 
path is unlikely, as in all cases when the globulin can undergo solution salt 
passes more rapidly to the mixture containing the globulin suspension than to 
water, and in the case of globulin in acid solution the diffusion of NaCl is 
delayed throughout the whole period although there is only a slight separa- 
tion of the hydrolysed globulin. The quantitative relationships between the 
amounts of protein dissolved and the NaCl fixed, as also the influence of 
variations in reaction on the process, require further study. It is important 
however to bear in mind that a protein such as globulin forming a large 
percentage of the colloidal content of blood plasma, tissue fluids, and tissues 
possesses a certain salt-retaining power which must be of significance in the 
maintenance of the chloride content of the body. 
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A NUMBER of attempts have been made to follow the changes in chemical 
composition which fruits undergo during ripening and storage. The number 
of papers dealing with this subject is large, and many of them are published 
in obscure journals which are difficult of access. The investigations referred 
to below may however be regarded as typical in respect of methods, and an 
examination of these methods serves to show the necessity for the adoption 
of a standard procedure in the preparation of material for analysis, and for 
a careful estimate of the limits within which the results obtained are significant. 
Most of the earlier work has been directed to following the changes of the 
fruit in respect of its content of sugar and of acid. In some cases acids and 
sugars have been estimated in a suspension of the pulp [ Bigelow, Gore and 
Howard, 1905]. In others water or alcohol extracts have been made [ Kulisch 
1892, Browne 1901, Pfeifer 1876, 1877, 1879]. In the majority of cases, 
however, the juice has been directly expressed, either before or after killing 
the tissues [Dixon and Atkins, 1913!]. It is clear that the results obtained 
by methods so various as these cannot be directly comparable. The value of 
extraction by water or alcohol evidently depends upon the completeness 
with which it is carried out, and in most of the extractions which have been 
made by this method, no attempt appears to have been made to determine 
this pomt. Davis and Daish [1914] found that it was necessary to extract 
leaves in a large Soxhlet apparatus for 18—24 hours with boiling alcohol before 
all the sugars were removed. No corresponding examination appears to have 
been made in the case of water extracts, but the extraction by cold water of 
pulp which has been merely cut up or grated must evidently be slow. 
There can be no doubt that for most purposes the most satisfactory method 
of procedure is to press out the sap from pulp which has previously been 


1 See this paper for further references. 
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frozen. The advantages of this method have been demonstrated by Dixon 
and Atkins [1913], and though some doubt exists as to certain of their con- 
clusions [Haynes 1919], yet they show clearly that the sap from untreated 
tissues is more dilute than that from tissues which have previously been ex- 
posed to low temperatures, indicating that some or all of the constituents of 
the sap are held back in some measure by the untreated pulp. It is possible 
however that tissues which have been frozen, although considerably more 
permeable than untreated tissues, still hold back some constituents of the 
juice. Dixon and Atkins made no attempt to ascertain whether this is the 
case. 

The following experiments have therefore been undertaken with the object 
of determining how far the sap obtained from apples after freezing and pressing 
is uniform, 7.e. whether the first runnings from the press are similar in com- 
position to those obtained later, or whether the tissues still hold back certain 
of the constituents of the sap. Further, in most of the work hitherto pub- 
lished, the amount of divergence due to sampling error is entirely left out of 
account; indeed in some cases conclusions have been drawn from the analysis 
of single fruits. Experiments have therefore been made to ascertain the order 
of the error due to sampling in investigations of this kind. 

A third series of experiments was undertaken with the object of ascer- 
taining with what completeness chemical change in the sap was retarded by 
cold. It was found more convenient to use an ordinary freezing mixture 
than to freeze with liquid air, but in the first case the process was necessarily 
slower, and the apple pulp was usually left in the cold for at least 16 hours. 

The following chemical and physical properties were investigated, and 
some or all were used as a basis of comparison in each case. 

(1) Value: of Py: 
(2) Value of A. 
(3) Time of fall im viscometer. 

(These were all carried out by ordinary standard methods.) 

(4) Electrical conductivity (using a Wheatstone Bridge and a Fitzpatrick 
commutator). 

(5) Acidity (titration), using an iodometric method to avoid difficulties 
arising from the colour of the juice. 

(6) Sugars (reducing sugars and cane sugar by Bertrand’s method 
[1906]; the cane sugar was inverted by 10 per cent. citric acid, as recom- 
mended by Davis, Daish and Sawyer [1913)). 


METHODS OF EXTRACTION. 


The method adopted for extraction was to press out the juice after the 
tissues had been killed by freezing in an ordinary freezing mixture of ice and 
salt. A small handpress, worked on the lemon squeezer principle, and pro- 
vided with a screw, was used. A thin filter cloth was found to be necessary, 
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and this was saturated with the juice before collection of the sample. The 
apples were peeled, cut up, and frozen in stoppered jars, and were usually 
left in the cold for about 16 hours. To ensure uniformity, the frozen pulp 
was thoroughly mixed before pressing. It was found that the sap obtained 
by this method from similar samples of pulp gave closely concordant results. 

The following points were investigated: 

I. Whether rapid freezing by the use of liquid air produced any alteration 
in the character of the sample. It is possible, as has already been stated, that 
chemical changes may occur during the somewhat prolonged process of 
freezing in an ordinary freezing mixture. It is also possible that further 
disruption of the cell membrane may take place when liquid air is used, and 
that this may affect the character of the sap. For the purpose of comparison, 
a uniform sample of pulp was divided into two portions, one of which was 
immediately frozen in liquid air, and pressed out as soon as it had warmed up 
to the temperature of the laboratory. The other portion was left over- 
night in a freezing mixture, and then treated in the same way. The 
chemical and physical properties of the two samples of sap thus obtained 
were compared. 


Table I. Comparative tests on freezing with liquid air and — 
with a freezing mixture of ice and salt. 


Liquid air Freezing mixture 
Freezing point depression (A) 1-260° C. 1-253° C. 
Titration. 10 cc. juice=N/1 Ayo 15 2. 
j /10 Na,S,0, on p9°20 ce. 030,927 ce. 
Conductivity. ¢ x 10° 245 229 
Time of fall in viscometer 41-2’ 41-2” 
Total sugar (after inversion) 8-63 % 8:57 % 


It will be seen that the differences obtained by using liquid air instead 
of a freezing mixture are very small. It is only in the case of electrical 
conductivity that the difference rises above the limits of experimental error. 
The reason for this difference has not at present been investigated. 

Il. Whether the tissues after freezing are freely permeable to all those con- 
stituents of the cell sap present in the expressed juice. For this purpose the 
juice was pressed out in several fractions, and these were examined separately. 
The results are shown in Table IT. 

In this case again the greater number of the results obtained were uniform. 
The concentration of acids and of sugars was found to be the same in the 
first fraction of juice from the press as in the last. The viscosity however 
varied greatly, indicating that the colloidal constituents of the sap are held 
back by the tissues. A corresponding difference was also observed in the 
amount of the precipitate obtained from the two fractions by the addition 
of alcohol. This precipitate is mainly pectin, which is the principal colloidal 
constituent of apple-juice. 
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Table IT. Results of fractional pressing. 
Time of fall Reducing Total 
Fraction Py Vit OF (viscometer) sugars % sugars % 
1 3°83 1-44 5’ 24” — — 
Series [ 2 3°84 1-42 0755)" — — 
(unripe) 1 3°84 1-43 3’ 34” 10-10 11-40 
2 3°85 1-42 1’ 35” 9:97 11-35 
Series II i 3°37 1-60 3 43% 10-9 11-75 
(ripe) 2 3°82 1-60 1’ 59” 11-05 11-65 
Time of fall 
Fraction (viscometer) 
1 4’ 17” 
2 0 , 5 4/ 
Series IT] As 
: 1 5’ 29” 
(unripe) 2 9’ 59” 
3: 1’ 20” 
; Conductivity Reducing Total 
Fraction AU: Titration (¢ x 10°) sugars sugars 
Series IV 1 1-110 11-3 241 6-20 6-99 
(cold store) Ss 1-112 11-15 238 6-25 7-08 
Weight of alcohol-precipitate 
from 10 ce. juice 
1 0-0292 g. 
3 0-0090 g. 
Conductivity 
Fraction A°C. Titration (c x 10°) 
Series V 1 1-377 10-7 237 
(ripe) 3 1-380 10-7 239 


Ill. The probable error due to individual variability in the apples used. 
This was estimated in the usual way by the comparison of a number of samples 
of sap obtained from individual apples. 

The apples on which these experiments were carried out had been kept 
in cold store for some months, and it is possible that they varied among 
themselves more than would have been the case had they been more recently 
picked. Several sets of experiments were made for this purpose. As the 
results obtained were very similar, it has been thought sufficient to give one 
set of results, the probable errors being calculated from ten observations}. 

These have been calculated for the purpose of attaining a definite standard 
of accuracy defined as the probability that the error of any observation may 
le within certain limits. This is determined by the number of samples taken. 

The standard probability will be taken here as 0-957 (22 to 1), 2.e. three 
times the probable error, and the limit below which differences cease to be 
significant as 5 per cent. 


1 A non-mathematical treatment of the use of probable errors applied to biological work 
is given by Wood [1911]. 
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Table III. Probable error attaching to various measurements. 
No. of Freezing point Conductivity 
sample depression (A) °C. Titration (c x 10°) 
1-265 9°85 223 

2 1-173 9-65 223 

} 1-143 12-7 287 

1 1-245 10-05 233 

5 1-150 10-55 250 

6 1-290 8:3 240 


7 1-323 10:3 217 
5 1-243 10-45 234 
9 1-225 10-95 252 
10 1-238 9-2 208 


Mean = 1:230-+-0-0127 Mean=10-20+-0-25 Mean = 236-4-+. 4:8 
The probable errors of a single observation are: 


o/ 
oO 


A 0:04.12 =3:-2 
Titration 0:78 =T7:7 
Conductivity 15-2 = 6-4 


Since the probable error of the difference of the observations is equal to 
/2p, where p is the probable error of either observation, the above conditions 
are satisfied by the equation 


where n is the number of observations. The number of samples which must 
be taken in order that there may be a probability of 0-957 that a 5 per cent: 
difference is significant is therefore given by the equation 


3n\2 
n=2 (2) : 


The following are the values of » obtained from this equation: 


For A 7-4 
For titration 42-6 
For conductivity measurements 29-4 


The least number of samples required for these three estimations is there- 
fore 8, 43, and 30 respectively. 

These are large numbers and it is to be remembered that the standard 
of probability assumed is somewhat low. It is more usual to require a prob- 
ability of not less than 0-969 (30 to 1), 7.e. a difference of 3-2 times the prob- 
able error, in which case the necessary number of samples would be 9, 49, 
and 34 respectively. 

The value of the probable error deduced from such a small number as ten 
samples is, of course, only approximate but it shows clearly how important 
is the sampling error. The use of more samples would probably give a some- 
what larger probable error but the labour involved in working even with 
ten samples is considerable. 

The importance of the sampling error in measurements of this kind does 
not appear to have been fully realised by previous workers. It is possible 
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that the apples used in these determinations differed among themselves more 
than would have been the case had they been subjected to different treat- 
ment, and the error would probably have been considerably reduced if all the 
apples had been obtained from a single tree, since Kulisch [1892] has shown 
that apples from different trees may exhibit marked and constant differences; 
but whether this be so or not it is clear that the sampling error may be very 
large and from the nature of the material must be far from negligible in any 
experiments of this kind. Where experiments have been made on two or 
three fruits only, there can therefore be little doubt that the differences 
observed are not significant unless they are very large. 


SUMMARY. 


The juice obtained from apples after freezing has similar properties, whether 
the tissue is frozen rapidly by means of liquid air, or slowly by a freezing 
mixture. 

The sugars and acids present in the tissues can be readily pressed out 
from the frozen and thawed pulp; colloidal substances, however, of which 
pectin is the most important, are held back to a large extent by the pulp, 
so that the amount of these substances present in the expressed juice is no 
measure of the quantity in which they are present in the tissues. 

The samples investigated varied considerably, especially in acid content. 
These large fluctuations cause the probable error to be very large, and the 
number of samples required to give results significant within 5 per cent. for 
lowering of freezing point, for titration, and for conductivity, was 8, 43, and 
30 respectively, when the standard of probability assumed was 0-957 (7.¢. a 
probability of 22 to 1). The neglect of sampling errors in previous estimations 
of this nature detracts very seriously from the value of the results obtained 
and renders many of them worthless. 

The work described above has been undertaken in connection with in- 
vestigations of Cold Storage problems which have been carried out for the 
Food Investigation Board of the Department of Scientific and Industrial 
Research. We are indebted to Professor V. H. Blackman for suggestions on 
which this work has been largely based, and also for much help and advice. 
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My previous work on the factors influencing the concentration of sera has 
led me to the conclusion that the preliminary heat-denaturation so generally 
advocated prior to the fractional precipitation of the serum proteins by 
ammonium sulphate and by sodium chloride does not of necessity materially 
contribute to the refining and concentrating of antitoxic sera. Recent experi- 
ments have shown that, with the. technique adopted for the routine work, 
the heat-denaturation merely induces the precipitation of the antitoxin- 
bearing protein at lower concentrations of the electrolyte than would be 
required in the unheated plasma; apparently the heating does not affect the 
nature of the antitoxin-protein combination. 

Further corroborative evidence on this point has been furnished by a 
study of the fractional precipitation of the serum proteins and of the antitoxin 
from unheated and from heated antidiphtheritic plasma by sodium sulphate. 

Several series of experiments were undertaken with samples of oxalated 
plasma from individual horses and from batches of pooled plasma from 
different horses. In all cases the plasma was adjusted, either by bringing 
the [H’] to definite values, or by the addition of cresylic acid in stated amounts 
to the plasma. The method of procedure for each of the series of experiments 
was as follows: equal volumes of the adjusted plasma were measured into 
stoppered bottles each of which contained the amount of anhydrous sodium 
sulphate necessary to bring the proportion of the latter in solution in the 
plasma to values ranging from 4 to 34 per cent. Owing to the slight solubility 


1 Some years ago Dr C. J. Martin (unpublished observations), worked out a method for the 
concentration of antitoxic sera by the fractional precipitation.of the serum proteins with sodium 
sulphate rather than with the more toxic ammonium sulphate. Taking advantage of the slight 
solubility of sodium sulphate at 0° he was able to freeze out the excess of this salt from the Second 
Fraction precipitates thereby dispensing with the lengthy process of dialysis. For some reason 
the end products sometimes showed too high a viscosity. The factors underlying this variability 
were not fully investigated as, in the meantime, Gibson and Banzhaf published their methods 
involving the heat-denaturation of the proteins, 
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of anhydrous sodium sulphate in water+ the respective liquids were kept at 
35—40° and constantly stirred until the solution of the sulphate had been 
effected. Samples were then taken from the bottles and filtered. 

The filtration of the hot liquids containing percentages of sodium sulphate 
in solution greater than those required for saturation at room temperature 
should be conducted in funnels surrounded with jackets at a temperature of 
from 30—35°. However, owing to the tendency of solutions of sodium sulphate 
to remain supersaturated, the filtration of plasma containing 18 per cent., or 
less, of the anhydrous sulphate could be conducted at the ordinary spring 
and summer temperature of our London laboratories (about 17°) without 
the crystallisation of Na,SO,, 7H,O from the mixtures or from the filtrates. 
It was always advisable to filter large quantities of the plasma containing 
the higher concentrations of the sulphate through funnels jacketed at 30—35°. 
The bottles containing the sulphated plasmas were heated in a water bath 
at 57-5—58° for five to six hours and the hot liquids were filtered, the filtering 
funnels being jacketed at 35—40° when necessary. 

The antitoxin and the protein contents of the filtrates from these heat- 
denaturated sulphated plasmas were estimated in the usual way, and, after 
the necessary volume corrections, the data thereby obtained were expressed 
in the form of curves which were compared with those obtained from similar 
estimations of the filtrates of the unheated liquids and also with those from 
the precipitation of samples of the same plasmas by ammonium sulphate. 

In accordance with the recent request for the curtailment of the subject 
matter of communications, curves expressing the experimental data from 
only three separate batches of antidiphtheritic plasmas are included in this 


paper. 


I. THE PRECIPITATION OF THE SERUM PROTEINS BY SODIUM 
SULPHATE AND BY AMMONIUM SULPHATE. 


Gravimetric estimations of the percentage composition of the respective 
plasmas were made as regards total protein, pseudoglobulin and albumin with 
the following results. 


A B C 
Total protein 7:92 % 8-90 % 7-60 % 
Pseudoglobulin 3:18 3°52 2-74 
Albumin 2-75 2-68 2-13 
Euglobulin, fibrin (by 2-00 ' 2-68 2-73 


difference) 


1 100 parts of water at t° dissolve a parts of anhydrous Na,SO,: 
“ a parts Na,SO, 


0 5 
13 11-8 
16 14:5 
20 19-5 


30 43 
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The variations in the proportionate composition of the proteins of the 
respective plasmas can doubtless be ascribed to variations in the stage of 
immunisation or of resting at which the horses were bled. 

The data obtained for the sodium sulphate precipitation of the plasma A 
(P), 8:3) and of the cresylised plasmas A and B, and for the ammonium sulphate 
precipitation of the plasma A (P,, 8-8) and of the cresylised plasma B, have 
been represented in the curves in Figs. 1, 2, and 4, and 3 and 5 respectively. 
In each figure the continuous and the intermittent curves represent the data 
for the unheated and the heated sulphated plasmas respectively. 


Fig. |. The precipitatton of plasma A (adjusted to Py 8:3) by sodium sulphate 
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The continuous Curve | ——-————— represents the precipitation of the plasma A adjusted 
to Py 8:3 
The intermittent Curve II — — — represents the precipitation of the plasma A 


adjusted to P,, 8-3 and subsequently heated to 57-5° C. for 5 hours 


From the relative positions of the points on the curves can be deduced 
(a) the amount of protein remaining in every 100 c.c. of the filtrates from the 
sulphated plasmas, and (b) the percentage precipitation of the serum proteins 
at each stage with sodium sulphate. 

It will be seen that the gradients of the curves for the precipitation of 
the serum proteins from unheated plasma by sodium sulphate are similar to 
those for the precipitation of the same plasma by ammonium sulphate; with 
neither salt are there critical points for the precipitation of eu- or pseudo- 
globulin or of the serum albumin. 

It was found that at all stages in the precipitation of the heated plasmas 
with sodium sulphate there was a marked increase in the precipitability of 
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the serum proteins similar to that shown by the precipitation of the same 
plasmas with ammonium sulphate. Moreover, the increased precipitability 
of the pseudoglobulin by sodium sulphate, registered by the relative shift in 
the position of corresponding points on the pairs of curves in Figs. 1, 2, and 
4 was regulated by the reaction of the plasma, by the temperature at which 
the plasma was heated and by the duration of the heating at the chosen 
temperature. 


Fig. 2. Showing the precipitation of the serum proteins from plasma A, containing 
0-30 per cent. of eresylic acid, by sodium sulphate 


=] (Sc ca paea i T T T T T T 
80 


70 


60 


50 


40 


sodium sulphate 


30 


filtrates from the sulphated plasmas 


20 


Amount of protein (gms. per 100 c.c.) in solution in the 
oa 
fo) 
Percentage precipitation of the serum proteins by the 


4 6 8 10 12 14 16 18 20 22 
Percentage addition of sodium sulphate to the plasma : 
The continuous Curve | ——__— represents the precipitation of the unheated cresylised 
plasma A 
The intermittent Curve 2 — — — represents the precipitation of the same cresylised 


plasma after it had been heated to 57-5° C. for 5 hours 


On the other hand, in the euglobulin-pseudoglobulin zone the extent of 
the shift of corresponding points on the curves for the precipitation of the 
respective heated and unheated plasmas by the two sulphates is greater than 
that shown in the pseudoglobulin area and than that shown by the data from 
the precipitation of similarly adjusted selutions of pseudoglobulin [Homer 
£19). 

No doubt this differentiation is due to differences in the relative sus- 
ceptibility of the individual serum proteins to heat-denaturation. 

As was to be expected from the general behaviour of colloids the pre- 
cipitation of the individual proteins from plasma began at and was completed 
at lower concentrations of ammonium or of sodium sulphate than was 
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required for their precipitation from their respective separate solutions in 
saline; there was also a more marked overlapping of the precipitation limits 
for the individual proteins than was found for their separate solutions. 

Thus, from solution in normal saline, the bulk of the pseudoglobulin is 
precipitated between the limits of 32 and 50 per cent. of saturation with 
ammonium sulphate, and between 13 and 23 per cent. of anhydrous sodium 
sulphate; the albumin under similar conditions is mainly precipitated between 
54 and 76 per cent. of saturation with ammonium sulphate and between 
20 and 34 per cent. of sodium sulphate. 


Fig. 3. The precipitation of plasma A (adjusted to Py 8-8) by ammonium sulphate 
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The continuous Curve I ——— represents the precipitation of the unheated 
plasma A (Py 8°8) 


The intermittent Curve Il —— — represents the precipitation of the plasma A (Py 8-8) 
after it had been heated to 57-5° C. for 5 hours 


On the other hand there was an appreciable precipitation of pseudo- 
globulin from unheated unadjusted plasma (P,,7-4) on the addition of 
ammonium sulphate to the extent of 28 per cent. of saturation or of 11-5 per 
cent. of anhydrous sodium sulphate. Moreover, while the precipitation of 
the pseudoglobulin from the plasma was complete at 46 per cent. of saturation 
with ammonium sulphate or on the addition of 18-5 per cent. of sodium 
sulphate, there was, even at these concentrations of the sulphates, an appre- 
ciable precipitation of albumin. The precipitation of the latter from the 
plasma was complete at 67-5 per cent. of saturation with ammonium sulphate 
or at a concentration of 32 per cent. of anhydrous sodium sulphate. 
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Fig. 5. The precipitation of cresylised plasma B by ammonium sulphate 
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For some time it has been realised that the denaturation of the serum 
proteins considerably affects their precipitability and that the extent of the 
overlapping of their precipitation limits from heat-denaturated plasma depends 
largely on their respective susceptibilities to heat-denaturation. 

Recent work has shown that, even with unheated plasma, there are several 
factors affecting the extent to which the various serum proteins are pre- 
cipitated by the sulphates under discussion. In this connexion reference may 
be made to the results which have accrued from preliminary experiments 
as regards the influence of dilution, of reaction and of the addition of substances 
such as phenol and cresylic acid to plasma prior to its precipitation by electro- 
lytes. 

Fig. 6. Showing the influence of cresylic acid on the precipitability of the serum proteins 
from plasma and from heat-denaturated plasma by sodium sulphate 
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The intermittent Curve 1’ — — — represents the precipitation of protein from 
plasma C (Py 7-3) heated at 57-5° C. for 5 hours 
The intermittent Curve 2’ o —— o — 0 represents the precipitation of protein from 


cresylised plasma C heated at 57-5° C. for 5 hours 


It has been found that the limits stated above for the precipitation of 
the serum proteins were consistent for all the samples of plasma examined 
in which the protein content varied from 6-5—10 per cent. Dilution of the 
plasma with water or with normal salt solution did not necessitate a change 
in the concentration of the precipitating electrolyte until the percentage of 
protein in solution was reduced to the order of 2-5. At this stage a concentra- 
tion of 70 per cent. of saturation with ammonium sulphate or of 34 per cent. 
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of sodium sulphate was required before complete precipitation of the serum 
protein was effected. The further dilution of the plasma required a further 
increase in the concentration of the precipitating salt. 

The required concentration of the precipitating sulphate was also affected 
by the reaction of the plasma. However, the variations in the precipitability 
of the proteins when the reaction of the plasma lay between P}, 5-2 and 9-3 
were slight; in more acid or more alkaline plasmas greater changes were 
detected and, as was to be expected, those shown in plasma more acid than 
P,,5:2 were more marked than those found in the alkaline plasma. 

The addition of cresylic acid (0:30 per cent.) to unheated and to heat- 
denaturated plasma produced marked changes in the precipitability of the 
serum proteins at all stages with the given sulphates. This phenomenon is 
readily seen from a comparison of the curves in Fig. 6. The curves | and 1’ 
respectively represent the precipitation of unheated and of heat-denaturated 
plasma C by sodium sulphate; the curves 2 and 2’ represent the corresponding 
treatment of plasma © containing 0-30 per cent. of cresylic acid. 

The data included in Table I show that the increased precipitability of 
the serum proteins in cresylised plasma is a function of the amount of cresylic 
acid present in the plasma. 


Table I. Showing the effect of the addition of varying amounts of eresylic 
acid on the precipitability of the serum proteins in unheated antidiphtheritic 


plasma. 
Concentration of (A) anhydrous sodium sulphate and (B) ammonium sulphate 
required for the complete precipitation of the serum proteins from the plasma 
Percentage A B 
addition of Na,SO, expressed as (NH,).SO, expressed as 
cresylic 2 — 
acid to oram-molecules Percentage of eram-molecules 
the plasma grams per 100 c.c. per 100 c.c. saturation per 100 c.c. 
0-00 32 0-225 68 0-24 
0-15 30 0-21 61-5 0-215 
0-30 27 0-19 58:5 0-20 
0-45 26 0-18 56 0-19 
0-60 25 0-176 54. 0-18 
0-75 24 0-17 51 0-175 


It was also interesting to find that, under the conditions of the experiment, 
the values for the molecular concentrations of ammonium sulphate required 
for the complete precipitation of the proteins from the respective plasmas 
are practically the same as those for sodium sulphate. 

The evidence so far obtained in regard to the precipitability of the proteins 
of unheated and of heat-denaturated plasma indicate that the addition of 
eresylic acid or of phenol to the extent of 0-5 per cent. or less prior to the 
prolonged heating of the plasma at 57-5° for five hours does not increase the 
extent of the heat-denaturation of the serum proteins. The cresylic acid and 
the phenol materially aid the precipitation of the heat-denaturated protein 
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which is apt to be so troublesome in the filtration of concentrated antitoxic 
sera; in this respect their behaviour is analogous to that shown by electrolytes. 
| Homer 1918, 1.] 

In contrast to the experience with non-cresylised plasma, it was found 
that the dilution of cresylised plasma to a volume four to five times that of 
its original volume, provided the percentage of cresylic acid in solution were 
kept constant, did not affect the precipitability of the serum proteins. On the 
other hand, if, by the dilution, the percentage of cresylic acid in solution were 
reduced to a value X, then the amount of sodium sulphate or of ammonium 
sulphate necessary to precipitate the protein was found to be the same as 
that required by the original undiluted plasma containing X per cent. of 
eresylic acid. 

The above observations on the variations in the precipitability of the 
proteins of unheated plasma present many points of interest for discussion 
and elucidation. 

Shortly I hope to publish more extensive quantitative data in this con- 
nexion. 


II]. THE ASSOCIATION OF ANTITOXIN WITH THE PROTEINS PRECIPITATED BY 
THE ADDITION OF AMMONIUM SULPHATE OR OF SODIUM SULPHATE TO ANTI- 
DIPHTHERITIC PLASMA. 


Recent work on the precipitation of solutions of pseudoglobulin by 
ammonium sulphate [Homer 1919], has demonstrated that there is a com- 
paratively small load of antitoxin attached to the proteins precipitated by 
ammonium sulphate in the pseudoglobulin-euglobulin zone, that the remainder 
of the antitoxin is evenly distributed throughout the fractions of the pseudo- 
globulin precipitated at higher concentrations, and moreover that, at all 
stages in the latter region, the increased precipitation of proteins due to heat- 
denaturation is a linear measure of the accompanying increased precipitation 
of antitoxin. : 

These results together with my previous observations on the factors 
influencing the concentration of heat-denaturated plasma by ammonium 
sulphate have led me to the conclusion that the ratio of antitoxin to protein 
in the final products can only be increased by a removal of the proteins to 
which little or no antitoxin is attached, viz. those of the euglobulin-pseudo- 
globulin or of the pseudoglobulin-albumin zones. 

Further evidence in this respect is given by the fractional precipitation 
of the unheated plasma by ammonium sulphate and by sodium sulphate 
respectively. 

In Table II have been included the data obtained from the fractional 
precipitation of separate volumes of unheated antidiphtheritic plasma A and 
of the same plasma to which an addition of 0-30 per cent. of cresylic acid 
had been made. The method of procedure was the same as that used in the 
fractionation of pseudoglobulin [Homer 1919]. 
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Table II. The fractional precipitation of unheated anti- 
diphtheritic plasma by ammonium sulphate*. 


Degree of concentra- 


Limits of saturation tion found in the end 
with ammonium products, calculated, 
sulphate between Percentage of the Percentage of the for purposes of com- 
which the protein total protein total antitoxin parison, on the basis 

fractions were appearing in the appearing in the that they contain 
isolated dialysed fraction dialysed fraction 20 % of protein 
Non-cresylised Plasma. 
33-50 45-5 wii 4-2 
36-50 37-0 70 4-95 
38-50 23-3 48 5-45 
36-44 22-4 60 Tl 
38-44 10-5 38 5 
Cresylised Plasma. 
32-45 40-8 70 3:8 
33-45 34-1 68 5-1 
34-45 25-8 62 54 
36-45 21-0 51 5-5 
38-45 10-4 239. 6-0 
34-50 27-3 62 5-1 


* The antitoxin precipitated with the various First Fraction precipitates was completely 
recovered by extraction of the precipitates with a saturated solution of salt. 


Table Ill. The fractional precipitation of unheated cresylised 
antidiphtheritic plasma by sodiwm sulphate*. 


Limits of percentage Degree of concentra- 
addition of sodium tion found in the end 
sulphate to the products, calculated, 
plasma between Percentage of the Percentage of the for purposes of com- 
which the protein total protein total antitoxin parison, on the basis 
fractions were appearing in the appearing in the that they contain 
isolated dialysed fraction dialysed fraction 20 %, of protein 
8-16-5 59-5 97 3°6 
10-16-5 53-0 97 4:3 
11-16-5 47-0 97 4-6 
12-16-5 36-0 80 5:0 
13-16-5 26-0 60 5-5 
14-16 14-6 40 3 46:5 
10-18 57-0 97 3-7 
10-20 63-0 97 3-45 


* The antitoxin precipitated with the various First Fraction precipitates was recovered by 
extraction with a saturated solution of sodium chloride. 


In Table III have been embodied the corresponding data obtained from 
the fractional precipitation of unheated cresylised plasma B by sodium 
sulphate. The method of procedure was as follows. 

To separate volumes of cresylised plasma (0-30 per cent.) was added the 
amount of anhydrous sodium sulphate necessary to bring the concentration 
of the latter to the value chosen for the precipitation of the First Fraction, 
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viz. X per cent. The respective liquids were kept at a temperature of 35 —40°! 
and were constantly stirred until complete solution of the sulphate had taken 
place. The hot liquids were then filtered through paper at room temperature. 
The First Fraction precipitates were washed with a volume of an X per cent. 
solution of anhydrous sodium sulphate in water equal to that of the plasma 
taken for fractionation, the washings were filtered and added to the main 
filtrate. To the measured volume of filtrate and washings was added the 
weight of anhydrous sodium sulphate necessary to bring the concentration of 
the latter in solution up to Y per cent.2 The liquids were again heated to 
35—40° and kept at this temperature until complete solution of the sulphate 
had taken place. The hot liquids were then filtered, and as before (ante, 
p. 279), where the concentration of sulphate was 18 per cent. or less, the 
filtration was conducted at room temperature; with greater concentrations 
of the sulphate it was necessary to enclose the filtering funnels in water 
jackets kept at about 35°. 

Where the value for Y was not greater than 18 per cent. the protein 
fractions, thus isolated in the Second Fraction precipitates, were drained and 
pressed quickly in the usual way. At greater concentrations of the sulphate, 
owing to the tendency of the sodium sulphate to crystallise out from the 
fluid adhering to the precipitate, it was necessary to conduct the pressing 
operations in the hot room. 

The pressed precipitates were dialysed and to the residues from dialysis 
were added 0-35 per cent. of cresylic acid, and | per cent. of sodium chloride. 
The protein and antitoxin content of the end products were respectively 
estimated and from the results were calculated the degree of concentration 
and also the percentages of the total protein and of the total antitoxin 
associated with the various fractions. 

The data included in the tables show that, by a suitable selection of the 
precipitation limits for the isolation of the antitoxin-protein fraction, results 
can be obtained from unheated plasma similar to those hitherto obtained from 
heated plasma, provided that the precipitating limits be chosen so as to 
exclude albumin, euglobulin and the lower fractions of pseudoglobulin to 
which a relatively small proportion of the antitoxin is attached. 

More detailed work was then undertaken to furnish evidence both as to 
the proportional distribution of the antitoxin throughout the protein fractions 
precipitated at progressively increasing concentrations of sodium sulphate, 
and also as to whether the heat-denaturation (at 58°) effects changes in the 
nature of this association. 

Several batches of plasma were treated in the manner described in Section I 
(p. 279). Estimations of the protein and the antitoxin content of the filtrates 


1 No appreciable heat-denaturation of the serum proteins takes place during the short time 
required for the solution of the sulphate. 

> To every 100 c.c. of liquid add Y—X grams anhydrous sodium sulphate; the volume 
changes following the solution of the sulphate in the plasma can be neglected. 
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from the unheated and from the heated sulphated plasmas were made 
and from the data thus obtained were calculated (a) the amount of protein 
remaining in every cc. of the filtrates, and (b) the respective precipitations 
of the serum proteins and of the antitoxin at each stage with the sulphate. 

It was found that in the wnheated plasmas the preliminary treatment of 
the plasma affected the limits for the precipitation of the antitoxin-bearing 
proteins. Thus, in plasma of which the reaction lay between P,,7-4 and 8-3 
the main part of the antitoxin-bearing proteins was precipitated in the 


Fig. 7. Showing the relationship between the precipitation of the antitoxin and of 
the serum proteins from cresylised plasma B by sodium sulphate 
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fraction isolated between 12 and 18-5 per cent. of sodium sulphate; from the 
same plasma to which 0-30 per cent. of cresylic acid had been added, the 
precipitation limits were respectively reduced to 11-5 and 16-5 per cent. of 
the sulphate!. Furthermore, in the former case the limits were raised further 
by the dilution of the plasma; in the latter case they were lowered by an in- 
crease in the concentration of the cresylic acid in the plasma. 


1 A similar lowering of the precipitation limits was seen in the precipitation of cresylised 
plasma by ammonium sulphate. 
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In the healed plasmas the precipitation limits with sodium sulphate were 
considerably lower than those given above for the unheated liquids, and, as 
was anticipated, the increased precipitability of the antitoxin proved to be 
a function of the heat-denaturation of the antitoxin-bearing proteins. 

The data furnished from the study of the precipitation of the cresylised 
plasma B by sodium sulphate have been embodied in the curve in Fig. 7 
in which the circumscribed points and those at the junction of a cross re- 
spectively denote the values obtained from the unheated and the heated 
liquids. 

A study of the curve shows that, in the wnheated cresylised plasma, only 
a small amount of antitoxin (less than 5 per cent.) was precipitated in the 
pseudoglobulin-euglobulin zone, viz. at concentrations from 9—11-5 per cent. 
Beyond this stage the points representing the relative precipitation of anti- 
toxin and protein lie on a straight line the slope of which remains constant 
until the whole of the antitoxin has been precipitated. 

In the heated cresylised plasma there was an increased precipitation of 
protein and of antitoxin at each of the stages investigated. Even at a con- 
centration of 8 per cent. of sodium sulphate there was an appreciable pre- 
cipitation of denaturated pseudoglobulin and its associated antitoxin; the 
precipitation of antitoxin and pseudoglobulin was complete on the addition 
of 15:5 per cent. of sodium sulphate. The position of the corresponding points 
on the curve shows that, in heated plasma also, there is a direct proportion- 
ality between the precipitation of antitoxin with the protein at each stage 
with the sulphate, and, furthermore, that the points representing this re- 
lationship fall on the same straight line as that connecting the points obtained 
for the unheated liquids. 

The gravimetric estimations of the relative amounts of the individual 
proteins precipitated at various stages with the sulphate indicated that the 
precipitation of antitoxin from the plasma coincided with that of the pseudo- 
globulin. 

Calculations were accordingly made of the percentages of the total anti- 
toxin and of the total pseudoglobulin precipitated at each stage with the 
sulphate and the data thus obtained were incorporated in the curve in 
Fig. 8, the positions for the data from unheated and heated plasmas being 
indicated by circumscribed and by crossed points respectively. 

It will be seen that, in the unheated liquids, there is a comparatively small 
load of antitoxin associated with the fractions of the pseudoglobulin pre- 
cipitated in the pseudoglobulin-euglobulin zone, and that, beyond this zone 
ithe percentage of the total pseudoglobulin successively precipitated by increasing 
concentrations of the sulphate is a linear measure of the percentage of the total 
antitoxin associated with the precipitate. 

In the heated liquids there was no disturbance of this relationship 
between the relative precipitation of pseudoglobulin and antitoxin. The heat- 
denaturation merely served to induce the precipitation of a particular pro- 
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portion of the pseudoglobulin and its associated antitoxin at a concentration 
of sodium sulphate lower than that required for their precipitation from the 
unheated plasma. 

These results furnish evidence in confirmation of the conclusions drawn 
from the investigation of the fractional precipitation of the pseudoglobulin 
by ammonium sulphate, viz. that from the point of view of reducing the 
proportion of protein associated with the antitoxins of sera, there are no 
practical advantages to be gained by the preliminary heat-denaturation of 
the serum proteins [Homer 1919]. 

Fig. 8. Showing the relative precipitation of antitoxin and pseudoglobulin from 
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Ill. THE APPLICATION OF THE ABOVE RESULTS TO THE 
ROUTINE CONCENTRATION OF SERA. 


The question as to whether the routine concentration of antitoxic plasma 
shall be carried out with unheated or with heat-denaturated plasma can 
only be decided after a careful comparison of the respective end products as 
regards (a) their ease of filtration through Berkfeld and through white Doulton 
filter candles, and (b) the clinical after-effects of their administration to the 
animal or to the human. 
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Unfortunately, through the lack of the necessary training, I cannot 
produce evidence on the latter point other than that referred to in a previous 
note | Homer 1918, 2] in which attention is drawn to variations in the toxicity 
of cresylic acid in plasma according as the serum proteins in the latter have 
been subjected to heat-denaturation or not. 

The conditions regulating the preparation of satisfactory end products 
from the ammonium sulphate or from the sodium sulphate fractionation of 
unheated and of heat-denaturated plasma have been studied separately and 
the following observations have been made. 


(1) Lhe filtration of the end products from the concentration 
of unheated plasma. 


In order to obtain clear end products it is essential to fix the precipitation 
limits with ammonium sulphate or with sodium sulphate so as to ensure the 
elimination of euglobulin. Satisfactory products are obtained from the dialysis 
of the protein fractions isolated from unheated plasma (P,,7-4—8-3) between 
concentrations of ammonium sulphate of which the lower limit is not less than 
34 per cent. of saturation. In the cases where sodium sulphate is used the 
lower limit should not be less than 11-5 per cent. 

Where the lower limit for the precipitation with ammonium sulphate was 
33 per cent. of saturation or less, or was less than 11-5 per cent. with sodium 
sulphate, the end products were opalescent and filtered badly; the filter 
candles during the filtration became coated with a slimy deposit of euglobulin 
which retarded and ultimately stopped the process. 

The Second Fraction precipitates isolated from unheated plasma (P,,8-3) 
between 34 and 46 per cent. of saturation with ammonium sulphate or 
between concentrations of 12 and 18-5 per cent. of sodium sulphate contained 
the bulk of the antitoxin. The corresponding precipitates from cresylised 
plasma (0-30 per cent.) contained a lower proportion of the antitoxin for the 
reason that the presence of the cresylic acid induced an increased precipitation 
of the antitoxin-bearing proteins with the First Fraction precipitates. 

The antitoxin carried down with the First Fraction whether precipitated 
by sodium sulphate or by ammonium sulphate, was, in all cases, recovered 
by extraction of the precipitates with a saturated solution of sodium chloride. 

Contrary to the experience with heat-denaturated plasma it was found 
that the end products from the fractionation of unheated cresylised plasma 
between the above limits with ammonium sulphate were opalescent and 
filtered less readily than those obtained from the non-cresylised plasma. 
Further experiment showed that in the cresylised plasma the concentration 
of the precipitating sulphate required to ensure the agglutination and filtration 
of the cresylic acid-protein complex with the First Fraction precipitates was 
greater than that required for the complete precipitation of euglobulin. 

The same phenomena were exhibited to a less marked degree in the pre- 
cipitation of cresylised plasma by sodium sulphate. 
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These results indicate that, in the concentration of antitoxic plasma by 
the fractional precipitation of the unheated plasma, the preliminary addition 
of cresylic acid is disadvantageous. For, not only does it reduce the proportion 
of antitoxin associated with the Second Fraction precipitates, but it also 
leads to the production of less readily filterable end products than are 
furnished from the similar treatment of non-cresylised plasma. 


(ii) The filtration of the end products from heat-denaturated plasma. 


In previous communications I have described techniques [Homer 1917, 
1918, 3] which gave the best results for the fractional precipitation of heat- 
denaturated plasma by ammonium sulphate. I am still convinced that more 
consistent and more reliable results are to be obtained from the preliminary 
adjustment of the reaction than from the alternative procedure of adding 
0:30 per cent. of cresylic acid to the plasma. ) 

In the present investigation also it has been found desirable to regulate the 
heat-denaturation of the serum proteins prior to their fractional precipitation 
with sodium sulphate. 

The directions previously given for the suitable adjustment of the reaction 
of the plasma may be somewhat simplified. Satisfactory values for the heat- 
denaturation are obtained by the adjustment of the reaction of the plasma, 
so that 10 c.c. show.a very faint green tinge with a-naphthol-phthalein; 
the colour change is readily detected when the plasma is viewed slantwise. 

A further simplification of the routine technique in regard to the heating 
processes hitherto advocated in order to ensure the required heat-denaturation 
and the subsequent separation of heat-denaturated protein with the First 
Fraction precipitate can be effected as follows. To the adjusted plasma, 
prior to its being heated, is added the amount of sodium sulphate or ammonium 
sulphate required for the precipitation of the First Fraction precipitates. The 
sulphated mixtures are heated to 58° and kept at that temperature for four 
to five hours. They are then filtered and from the combined volume of the 
filtrates and washings are precipitated the Second Fraction precipitates in the 
usual way. By this method of procedure the two stages of the heating process 
are reduced to one. 

However, in the case of the ammonium sulphate precipitates the advantage 
thus gained by combining the two stages of the heating is minimised by the 
greater losses of antitoxin subsequently experienced; the latter are no doubt 
due to the hydrolysis of ammonium sulphate and its dissociation into its 
component parts during the prolonged heating. 

On the other hand, as sodium sulphate is the salt of a strong acid and a 
strong base, no such secondary complications arise. 

Presumably this difference in the nature of the two sulphates also accounts 
for the somewhat sharper line of demarcation shown in the precipitation 
of eu- and pseudo-globulin from plasma by sodium sulphate than when 
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ammonium sulphate is employed; a phenomenon which favours the use of 
the former sulphate in the concentration of antitoxic sera. 

In the heated plasmas containing sodium sulphate, in which the heat- 
denaturation had been regulated as above, the precipitation of the euglobulin 
was complete at a concentration of 8 per cent. of anhydrous sodium sulphate, 
but the separation of the precipitated protein by filtration through paper was 
impossible. Just as with ammonium sulphate, the indifferent filtration of 
the First Fraction mixtures was due to the presence of incompletely ageluti- 
nated particles of heat-denaturated protein, and unless the separation of the 
latter was ensured at this stage, the filtration of the end products was im- 
possible. For this purpose it was found necessary to increase the concentration 
of sodium sulphate to 10 per cent., but, in order to guarantee the rapid filtra- 
tion of the First Fraction precipitates it was advisable to use 11 per cent. 
of the sulphate, a procedure which entailed the precipitation of at least 
35 per cent. of the antitoxin with the protein eliminated at this stage. How- 
ever, provided that the heat-denaturation has not been greater than that 
recommended for the routine work, the antitoxin thus precipitated with the 
First Fraction precipitates can always be recovered by the extraction of the 
precipitate with a saturated solution of salt. 

Those engaged in the routine work must be prepared to find that the 
precipitation limits discussed above may not give quite the same results 
when applied to the concentration processes carried out in their laboratories. 
There are many conditions which affect the precipitability of the serum pro- 
teins, and in the routine work the important factor, dilution, is apt to be 
forgotten. Thus, after the removal of the First Fraction, the solution contains 
considerably less protein than the original plasma; the protein content is 
further reduced by the addition of the filtered washings, a procedure which 
tends to modify the precipitation limits for the proteins (ante, p. 284). The 
investigation of practical details of this nature are best carried out by the 
individual worker under the conditions which prevail in his particular labo- 
ratory. 


SUMMARY. 


The results of the investigation have shown that: 

(1) In the precipitation of the serum proteins by sodium sulphate there 
are no critical points marking the limits for the precipitation of the individual 
proteins. 

(2) The concentration of either ammonium sulphate or sodium sulphate 
required for the precipitation of the serum proteins is affected by the reaction 
and by the dilution of the plasma and by the addition of cresylic acid to the 
plasma. In the latter case the extent of the increase is a function of the con- 
centration of cresylic acid in the plasma. 

(3) Within the limits of the error of the experiment, the respective 
decreases in the molecular concentration of sodium sulphate and of am- 


PRECIPITATION OF ANTITOXIC SERA 295 


monium sulphate measured under the conditions given in (2) are practically 
identical. 

(4) The percentage precipitation of the antitoxin with the proteins pre- 
eipitated at various concentrations of sodium sulphate is a linear measure 
of the percentage precipitation of the antitoxin-bearing proteins. This re- 
lationship is undisturbed by the heat-denaturation of the serum proteins 
induced during the heating of adjusted plasma at 58° for four to five hours. 

(5) In the concentration of antitoxic plasma by its fractional precipitation 
with sodium sulphate or ammonium sulphate, results can be obtained by the 
suitable fractionation of the unheated plasma similar to those which have 
hitherto been obtained with heated plasma. 

(6) While the addition of cresylic acid materially aids the concentration 
of heat-denaturated plasma, its use with unheated plasma is to be deprecated. 

(7) The agglutination of the particles of precipitated protein in the eu- 
and pseudo-globulin zone seems to be more satisfactory with sodium sulphate 
than with ammonium sulphate. 

(8) As sodium sulphate, in contradistinction to ammonium sulphate, 
does not hydrolyse in solution, the sodium-sulphate-plasma First Fraction 
mixtures can be heated for four to five hours at 58° without loss of antitoxin. 
This method of procedure favours the production of clearer end products 
than would result from conducting the heating in the two stages adopted in 
the ammonium sulphate method. 
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GLYCEROL is required in abnormally large quantities during war and therefore 
just at such times as a shortage may be expected of oils and fats which are 
the essential raw materials in the manufacture of glycerol as at present 
practised. As the by-products in the manufacture have but a limited applica- 
tion as food-stufis, various suggestions have been made with a view to extend- 
ing this application and, among others, that of converting the fatty acids into 
ethyl and other esters has been considered. It is but a short step from this 
to the idea of esterifying the acids with polyhydric alcohols similar in type to 
glycerol and this again suggests the possibility of using sugars and their 
simpler derivatives for a like purpose. The latter line of inquiry appears 
especially promising inasmuch as many of the substances in this group are 
themselves valuable as food-stufts. 

We have been associated with Professor R. Robinson in considering the 
chemical aspects of such problems and in consultation with him decided to 
attempt a more direct solution than esterification of the preformed fatty acids. 

It is well known that small quantities of acids or alkalis facilitate the 
exchange of alcohol residues in esters and accelerate the attainment of equi- 
librium in the resulting system. In those instances in which one of the products 
can be removed from the sphere of action a complete conversion of one ester 
into another may be effected. 

It was anticipated that by bringing together, in presence of an acid or 
alkaline catalyst, a natural oil or fat and a polyhydric alcohol having a higher 
boiling point than glycerol the latter might be removed by distillation under 
reduced pressure. 

Our first experiments were made with mannitol as the polyhydric alcohol 
and the catalyst used was sodium ethoxide, the alcohol arising therefrom 
being carried over with the glycerol formed during the reaction. The results 
justified our anticipations and although the products are not simple esters 
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of mannitol itself as we at first supposed, they resemble true glycerol fats in 
appearance and to some extent in taste and are reported by Professor W. D. 
Halliburton and Dr Drummond [1919] to be assimilated by rats to much 
the same extent as is olive oil. 


Interaction of olive oil with mannitol. Formation of “ Mannitol olive oil.” 


The olive oil used was a good commercial sample and had an acid value 
corresponding with 2-5 per cent. of free oleic acid. 

100 g. of this oil was mixed in a Claisen distillation flask with 31 g. of 
pure mannitol and 1-5—2 per cent. of sodium ethoxide (freshly prepared by 
evaporating a solution of sodium in alcohol and heating gently until the mass 
appeared dry). One thermometer was kept with its bulb immersed in the 
mixture itself (the temperatures recorded by this are indicated hereafter by 
the letter 7) and another with its bulb immersed in the issuing vapours in 
the exit tube of the flask (temperatures indicated by the letter ¢). 

Experience having shown that on the small scale no harm resulted there- 
from, the heating was usually carried out for convenience by direct contact 
with the flame of a Bunsen burner. Alcohol in small quantities appeared to 
be evolved first (7 = 87—90°, ¢ = 25—30°); later the mannitol crystals 
melted and two fluid layers were formed in the flask (7’ = 140°) while con- 
siderable frothing ensued which continued as 7 rose to 215°. Here frothing 
subsided to some extent and as the heating went on the two fluid layers began 
to react, the upper one becoming turbid, and appearing to boil. Water, con- 
taminated with a little oily or solid matter, distilled at this point (¢ = 54°) 
and continued to do so as the temperature rose. A steady bubbling now took 
place (7 steady at 236—240° durmg 10—15 minutes; ¢ about 52°), and the 
lower layer decreased in bulk. With further heating a thick fluid began to 
distil (t rose to 170° while 7 was raised to 270°) and the two layers in the 
flask merged into one. The heating was not pressed much further as some 
darkening in the product occurred if 7' was allowed to rise to 275° and very 
little more distillate was obtained. | 

Examination of distillate. This formed a thick viscid fluid on which floated 
a little oil; it was diluted with water, extracted with ether to free it from oily 
impurities and the aqueous solution was evaporated on the steam bath. 
A thick, viscid, sweet liquid remained (10 g.) which on distillation yielded 
8 g. of a thick, almost colourless fluid, boiling at 179° at 14 mm. pressure. 
This was practically pure glycerol and was identified by conversion into the 
crystalline benzoate. As the amount of glycerol theoretically obtainable from 
the quantity of olive oil used is 10-4 g. it is evident that the yield was excellent 
in spite of losses inevitable in the manipulation of such comparatively small 
quantities of material. 

Examination of residue. The fluid remaining in the flask was dissolved in 
ether and shaken with water, the whole being treated drop by drop with 
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acetic acid until a permanent slight acidity towards litmus was attained. 
The ethereal solution was separated and shaken several times with water to 
remove sodium salts together with any glycerol and mannitol or its anhydrides 
which might be present, though in point of fact when the foregoing procedure 
was followed the aqueous fluids yielded only very small quantities of residue, 
mainly sodium acetate, so that practically no free glycerol or mannitol was 
present. 

After a preliminary drying over sodium sulphate and evaporation of the 
ether, the residual oil was more fully dried by heating it im a vacuum at 
200—220° for several hours while a continuous stream of air was passed 
through it. 

The product is an oil with a brownish yellow colour and a very faint 
odour. In taste and fluidity it is not dissimilar to olive oil. When kept for 
some weeks it gradually becomes somewhat cloudy and this effect appears 
to be due to deposition of a fine powder (stearates?) which may be removed 
by filtration. Professor Halliburton kindly undertook the examination of the 
properties of this oil when used as a food and a report on the subject appears 
elsewhere in this Jowrnal | Halliburton and Drummond, 1919]. 

We have formed definite views on the chemical character of the oil only 
after consideration not only of its percentage composition and the amount 
of free and combined acid, but also of free hydroxyl, which was determined 
by means of magnesium methyl iodide in amyl] ether. 

By the interaction of mannitol and glyceryl oleate there may be formed 
a number of oleates in which from one to six of the hydroxyls of mannitol 
are esterified, as well as a series of wholly or partially esterified derivatives 
of mannitan and of isomannide, compounds which are derived from mannitol 
by loss of one and two molecules of water respectively. The percentages of 
carbon and hydrogen in many of these esters hardly admit of their being used 
to distinguish the esters from one another in a mixture, even if the entire 
absence of any esters of glycerol could be regarded as quite certain. On the 
other hand the percentages of combined acid, calculated as oleic acid, and 
especially of the free hydroxyl in the several possible esters vary very con- 
siderably as is shown in the following table from which some esters have been 
omitted because their composition differs so widely from that of the “‘ mannitol 
olive oil” that they could only be present there if at all in quite small pro- 
portions. 

While it seems possible that several or all of the above esters are present 
to some small extent in “mannitol olive oil” a careful examination of the 
table will show that in every instance but two there is at least one character- 
istic figure for each which differs widely from the one found experimentally. 
The two exceptions are the di-oleates of mannitan and isomannide. 
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Compositions of various esters of Oleve Acid. 


Mol. wt. and % com- 

Compound formula % OH bined acid TAG eal 

(1) Mannitol penta-oleate Co slel sl Oba E13 93-8 76-69 11-58 
(1502) 

(2) Mannitol tetra-oleate Crna Oro 2-7 91-1 75-6 11-47 
(1238) 

(3) Mannitol tri-oleate CooHi1009 5-22 86-85 73°92 11-29 
(974) 

(4) Mannitol di-oleate (Cyl 0); 9-57 79-43 70-98 10-98 
(710) 

(5) Mannitan tri-oleate Coo Hi08g 1-77 88-49 75:31 11-29 
(956) 

(6) Mannitan di-oleate (O)plala (0. 4-9] 81:5 72-83 10-98 
(692) 

(7) Isomannide di-oleate (ppl 0). 0 83-68 74:77 10-97 
(674) 

(8) Isomannide mono-oleate C,,H,.0; 4-0] 68-78 70-24 10-24 
(410) 

Olive oil Cr Oe 0 95-7 77-36 11-76 
(884) 

Found in “mannitol olive oil” a 217 83-65 712-82 10-77 


Interaction of mannitol with stearin. Formation of “ Mannatol stearin.” 


Mannitol and stearin were mixed and heated in a vacuum with a little 
sodium ethoxide under much the same conditions as in the experiments 
where olive oil instead of stearin was used. The non-volatile residue was 
dissolved in chloroform, in which it dissolved more freely than in ether, and 
the resulting solution was treated with acetic acid and water as described 
in the preceding experiments. The washed and dried product was solid at 
ordinary temperatures. It was easily soluble in cold chloroform, hot petroleum 
(B.p. 80—-100°), hot ethyl acetate, acetone or benzene. It dissolved in hot 
alcohol but was nearly insoluble in the cold. It separated from acetone on 
cooling as a granular powder melting at 67—72°. 

Advantage was taken of the solid character of this product to do what 
was not possible in the case of the material from olive oil, namely to separate 
it into two main fractions by crystallisation from acetone. It was anticipated 
that if there were present any appreciable quantities of impurities markedly 
different in character from the main mass, evidence of this would be obtained 
by analysis of different fractions. In point of fact however no appreciable 
difference was found. 

It is also interesting to observe that if the molecular proportion of mannitol 
to stearin used in the original reaction is increased from 1-5 to 2-25, the 
product is not appreciably altered in percentage composition and it seems 
probable that any excess of mannitol passes over with the glycerol during 
the heating with stearin in the first process or is washed out afterwards. 

In the following table are exhibited the four characteristic data for the 
series of stearic esters derived from mannitol and its dehydration products, 
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Compositions of various esters of Stearic Acid. 


Mol. wt. and % com 

Compound formula °) OH — bined acid %'C oon 

(1) Mannitol penta-stearate CopHy 9.91 1+12 93-91 76-19 12-16 
(1512) 

(2) Mannitol tetra-stearate Cog 5oOi0 2°72 91-1 75:12 12-03 
(1246) 

(3) Mannitol tri-stearate Copies 5:2 86-93 73-47 11-83 
(980) 

(4) Mannitol di-stearate Castes O05 9-52 79-55 70:58 11-48 
(714) 

(5) Mannitan tri-stearate Cintas 1-76 88-56 74-8; 11-85 
(962) 

(6) Mannitan di-stearate (Oy alale 0) 4-88 81-6 72-41 11-49 
(696) 

(7) Isomannide di-stearate (Opals 0). 0 83-9 74-32 11-50 
(678) 

(8) Isomannide mono-stearate Cplely (Oh 4-12 68-93 69-9 10-67 
(412) 

Stearin Cro Os 0 95-73 76°85 12-36 
(890) 

Found in * mannitol stearin” — 2:2 82-44 73 11-26 


What was true of the original “mannitol olive oil” is equally true, mutatis 
mutandis, of “mannitol stearin,” which from the above therefore appears to 
consist mainly of the di-stearates of mannitan and isomannide. We have to 
record with regret that we have not yet been able to obtain direct evidence 
of the presence of mannitan and isomannide residues in either product and 
feel doubtful whether an examination of the products of hydrolysis would 
lead to very conclusive results. 


SUMMARY. 


1. By distillation of olein or stearin with mannitol under reduced pressure 
in presence of a little sodium ethoxide, nearly the whole of the glycerol 
present in the original fatty compound is expelled. 

2. The maximum yield of glycerol is reached when the proportion of fat 
to mannitol corresponds with two molecules of fat to three of mannitol. 

3. The other main products are in both cases water with a little alcohol 
and a substance which is similar in many properties to the original fat. 

4. The composition of the product, whether made with the above pro- 
portions of fat and mannitol or with excess of mannitol, corresponds with 
that of a mixture of the di-oleates (or di-stearates) of mannitan and isomannide. 
This closely corresponds with the observations mentioned under (2) above. 

Professor J. C. Irvine has very kindly confirmed the description we 
submitted to him of our original mode of preparing glycerol and “mannitol 
olen” from olive oil. The extension of the work with sugars (and their 
derivatives other than mannitol) has been left in his hands. 

This investigation was carried out for the Food Investigation Board 
(Dept. of Scientific and Industrial Research) who defrayed the expenses 


involved. 
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In the preceding communication Lapworth and Pearson [1919] have described 
the preparation of a synthetic oil by replacing glycerol in olive oil by mannitol. 
As part of the general enquiry it was also necessary to ascertain what value, 
if any, this synthetic product possesses as a food-stuff. A sample of the oil 
was therefore submitted to us for the purpose of making feeding tests. The 
product supplied was a light greenish brown oil of somewhat dirty appear- 
ance, containing a small amount of solid matter in suspension. The amount 
of this solid matter increased when the oil was kept standing during the 
cold weather, and from a cursory examination it appeared to consist of the 
higher melting point esters (stearin). The oil possessed a taste and odour 
reminiscent of olive oil, but the former was if anything less pleasant than 
that of the natural oil. 

The following data were obtained on analysis, and for comparative purposes 
the figures obtained on the analysis of a good quality commercial olive oil 
are also given. The latter was not, however, identical with the olive oil 
from which the synthetic oil was prepared. 


“Mannitol 

olive oil” Olive oil 
Free fatty acids, calculated as oleic acid 40% 27% 
Saponification value... ff aise 159 193 
Todine value oe an side ae 82-4 84-7 


The investigation of the food value of the mannitol oil was planned to 
determine first, whether the oil could be assimilated by the mammalian 
digestive system, and secondly, whether the oil could be administered with 
safety over considerable periods without any deleterious influence on health. 
Unfortunately, the amount of material at our disposal was small, and we 
were obliged to abandon the idea of experiment on man or the higher animals. 
Such experiments would of necessity have been of very short duration and 
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quite unsuited to the purpose of the investigation. Accordingly we confined our 
attention to a study of the absorption of the oil in the digestive tract of the rat, 
an animal whose suitability for prolonged tests of this type is unquestioned. 
As far as we have been able to ascertain, Bloor is the only investigator 
who has studied the digestibility of mannitol esters of the higher fatty 
acids in the animal body. He prepared mannide distearate and mannitan 
distearate and demonstrated that they were hydrolysed by the lipolytic 
enzymes of the pancreas [1912, 1]. He also carried out feeding experiments 
of short duration on cats and established the fact that the esters were 
absorbed from the intestinal tract. One cat received a daily ration of 3:8 g. 
of mannitan distearate in 5 g. of cotton-seed oil for a period of six days, 
and showed an absorption of 42-3 per cent. A higher absorption (53-6 per 
cent.) was observed in an experiment of one day when a much larger amount 
of the ester was administered. Experiments with isomannide distearate 
(m.p. 61-5°) showed that approximately 72 per cent. was absorbed, a utilisation 
comparable with that recorded for tristearin, a natural fat with a melting 
point of the same order [Arnschink, 1890]. Even better absorbed was iso- 
mannide dilaurate [ Bloor, 1912, 2], for which coefficients as high as 95—97 per 


cent. were obtained. 


FEEDING TESTS wITH ‘‘ MANNITOL OLIVE OIL” on Rats. 


To make the tests of the edibility of the mannitol oil as severe as possible 
it was decided to administer it as the sole source of fat in the diets of the 
experimental animals. Such a decision introduced a disturbmg element into 
the experiments, for it would necessitate the animals being deprived of the 
fat-soluble accessory factor, which for several reasons we knew must be 
absent from the synthetic oil. It was hoped, however, to surmount this 
difficulty as well as possible by employing animals which were nearly mature. 
Such animals may live without any apparent disturbance of health upon a 
diet deficient in fat-soluble A for several weeks [| Drummond, 1919]. Two pairs 
of healthy young adult male rats were selected and confined in suitable 
metabolism cages. For a preliminary period both pairs were fed upon an 
artificial diet containing butter fat, after which they received diets containing 
either olive oil itself or the synthetic mannitol oil for further periods, usually 
of four days each. 

The dietaries were compounded as follows: 


A B C 

Purified caseinogen 20 20 20 parts 

<i starch 50 50 SOPs 
Yeast extract 5 5 ys FP 
Salt mixture 5 5 stem Ss 
Orange juice 5 5 Dames 
Butter fat 20 — — 5, 
Olive oil 10 30 — , 


Mannitol oil — — ail) An 
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These diets were stiff pastes which were not readily scattered about by 
the animals during feeding. Every morning fresh water and a ration of diet 
were placed in the food receptacles in the cages, and the unconsumed diet 
from the previous twenty-four hours was taken out and weighed. The nitrogen 
balance was determined in order to follow the general nutritive condition of 
the animals. Fat was estimated in the food mixtures and feces by prolonged 
ether extraction in a Soxhlet apparatus, after dehydration at 110° for 
twenty-four hours. It was originally proposed to attempt an estimation of 
the unabsorbed mannitol oil by a polarimetric method, as was done by 
Bloor [1912, 2], but it was ascertained that the low specific rotation of the 
oil ([a];, = — 1-44°) rendered such a procedure out of the question. 

Tables I and II contain the detailed experimental results. The animals 
all tended to lose weight when receiving the mannitol oil diet, and their food 
consumption was not good. Rats 3 and 4 both appeared in somewhat poor 
condition at the termination of their period of 11 days on the mannitol diet. 
In all cases, however, the absorption of the mannitol oil was good. From the 
various utilisation values recorded the following approximate averages have 
been obtained. 


Percentage utilisation 


Butter fat and olive oil 97-8 
Olive oil 96-6 
*“Mannitol” olive oil 95-8 


From the point of view of the edibility of the mannitol oil it was important 
to determine whether the slight decline in health which was apparent in the 
experimental animals on the mannitol oil dietaries was due to some dele- 
terious action of the oil per se, or to the fact that they were being maintained 
on a ration deficient in one of the indispensable accessory factors. To test 
this point a batch of young rats of uniform age and sex were selected and 
divided into two sets. One of these received a diet containing mannitol oil 
together with butter fat as a source of fat-soluble A (Diet E), the other 
received a diet containing equivalent amounts of natural olive oil and butter 
fat (Diet F). The composition of the two rations was as given below: 


Diet E Diet F 

Purified caseinogen 20 parts 20 parts 
starch HO 35 50m 35 
Yeast extract Did 59 OD) ese 
Orange juice ies Dies 
Salt mixture bi Bs see 
Butter fat LOLs LO: . 45 
Olive oil — , IO 5. 
Mannitol oil 10. 3, — 4 


Unfortunately the experiments were restricted by the small amount of 
mannitol oil which was available. The results which were obtained are 


tabulated in Table III. 


DRUMMOND AND R. K. CANNAN 


1 
Je 


304. W. D. HALLIBURTON, J. C 


a Z6 ial 
1-0 600 901 60 TL6 L90L 28-0 66-01 1-08 en (9 401q) eT 
z6 Z:66 966 Gol O9T poled TIQ joyuUueW = ZT 
rare l II 
= ' ; a= : a= 6-E1 Or 
SL-0O+ S0- nae e ae 26° L: . “Qo 
1-0 00 GI SFI €6 ZI 82:0 OL-SI 09% 16.6] (9 481q) 6 
9€T S10l ZOOL LST 91 poled tO [ovUURW 8 
rare L 
060+ 100 F0T 103 [86 ESST LEO 098T, 09% W8'G) (errr 
8: = —  19f ILT pomedg [tO [oytuURW =F 
1-02 € 
IF-0+ 200 94:0 21 9216 F991 170 96-91 FZE 4 L-91 (WV 991d) j 
Col Fi0Ol 20:100e. Shl = Fel polog 1oyyng iT 
“3 OF °S “3 “3 “3 “3 “3 
aoueTeq Sa08B] UI BULIN UI poojUuL uUOT}eS paqios sa0aRy peuns poo} uayee Fey €§ yey Fey € IVY SyIVUlay Ae 
NX N N N wy “qe JOT UL JB -W0d Ye} Ul JB poow ————e ——— 
Wo 1®10,L % “q. ‘duteq [eqoey “3 -ym Apog 
TI P19 *L 
0 O10t, c00h echiea oul GE 
8-0 FS 
860+ 60:0 9FIT €6-1 1-86 FL:8S 96:0 O2FZ OFZE 18-EI &¢ 
G-0% (W 99Id) rea 
1:06 polleg 1oyyng = 1Z 
0 = =) Sec =a Lol 0Z 
cP 61 
Cl0- O0¢0 +21 621 8&6 68 60 G8-FIT O1-08 41aST 81 
0-21 (9 991d) LT 
6-L 8Z0OL 8 O01 ILI ILT poe 110 joyuURA, OT 
(peat GT 
[0+ 910 OFT eh 196 6981 £90 ZE61 0108 Vor Gia 
eer = — TLL TLI poled [tO joyuUuRW GT 
O-L Il 
Or0+ 10 080 ZO 696 OLZt ¥9:0 veer soe {FCF Ena 
981 1:66 GOOT GLI 8zLi pouleg 10 PATO 8 
( $-0Z L 
0+ #10 96-0 &81 926 I961 6F0 000c soe 1218 ? 
= ‘ ‘ > Ane si eas (q 41d) g 
T-1Z 9-66 Z001 F981 8ST potlog [10 ATO 
(1-0Z ¢ 
8-0+ O10 80 60T LL6 Z6Sl 88:0 O8-91 OF ZE 1&-ET (W 4°Id) j 
(6-91  <O0OL €001 O91 #91 poueg 19y4ng — T 
‘9 3 ‘3 3 ‘3 3g 3B 3 
souRyeq sa0de] UL BULIN UT poojyut UOlZeS paqios 89008] peums pooj ue4yeo LADS | T 9° 3eY 1 RY SYIVMY seq 
N N N N WO -qe yey url yey -Uu0d 4BJ Ur Je poow —_—_—_—_—_— =e 
| T8401 % “qT. ‘dure eyo “3 ym Apog 


(IAB IEAL 


SYNTHETIC MANNITOL OLIVE OIL AS A FOOD 305 


Table III. Average body weight in grams of two groups of six male rats. 


Diet E Diet F 

Mannitol oil- Olive oil- 

Days butter diet butter diet 
0 64 67 
i 72 85 
14 94 98 
21 106 112 
28 121 132 
35 136 148 
42 153 162 


On the whole, the growth of the rats which received the butter-fat- 
olive-oil mixture was more satisfactory than that of the animals on the 
mannitol oil diet. The difference in the final weights is not very marked, and 
it is difficult to express an opinion as to whether it is of any significance, 
particularly in view of the small number of animals employed. 

At the conclusion of the experiment the mannitol-fed animals appeared 
in quite as good condition as the control lot, so that it appears safe to assume 
that no toxic factor was present in the sample of synthetic mannitol olive 
oil. That this oil was less palatable than olive oil appears likely, however, 
from the fact that the food consumption of the batch on Diet E was appre- 
ciably less than of that receiving Diet F. 

The importance that was attached to this investigation in the period 
during the recent war, when urgent demands of fat for glycerol were bringing 
about a drastic reduction in the amount available for edible purposes, is 
fortunately now no longer so great. The results are therefore placed on record 
purely in the light of their scientific interest. 


SUMMARY. 


1. A synthetic oil prepared by replacing glycerol in olive oil by mannitol 
is utilised by the animal organism to practically the same extent as olive oil 
itself. 

2. No toxic action was found to follow the prolonged administration of 
this oil to rats. 

This investigation was carried out for the Food Investigation Board (Dept. 
of Scientific and Industrial Research), and the expenses involved were de- 
frayed out of a grant from the Royal Society. 
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XXXII. RELATIVE ANTI-SCORBUTIC VALUE OF 
FRESH, DRIED AND HEATED COW’S MILK. 


By ROSAMUND EVELYN BARNES anp ELEANOR MARGARET HUME. 
From the Lister Institute, Department of Experimental Pathology. 


(Received August 19th, 1919.) 


(1) Experiments with guinea-pigs by R. E. Barnes. 
(2) Experiments with monkeys by E. M. Hume. 


INTRODUCTION. 


In two previous communications [Chick, Hume and Skelton 1918, 1, 2] one 
of us (E. M. H.), in conjunction with other workers in this Department, has 
shown that raw cow’s milk must be classed among the less valuable foodstuffs 
as regards anti-scorbutic properties. It was shown, for example, that whereas 
in case of many raw fruits and vegetables amounts varying from 1-5 to 10 g. 
daily will protect guinea-pigs from scurvy upon a diet otherwise devoid of 
all anti-scorbutic material, 100—150 ce. of raw cow’s milk was needed to give 
similar protection. The opinion was also put forward that dried milk was 
even less valuable than raw milk in respect of anti-scorbutic properties; this 
decision was reached mainly on theoretical grounds—there being at that 
time few experimental results available. But it had been shown that sundry 
other foodstufis, rich in the anti-scorbutic vitamine, lose the greater part of 
this principle when no longer associated with a living tissue, as, for example, 
when the foodstuff is dried or preserved by other means. As regards dried 
milk, this view is in opposition to that expressed by many medical authorities, 
who, on the basis of their clinical experience, consider that dried milk is in 
every respect a satisfactory substitute for fresh milk and may be adopted 
as a sole diet for children without any risk from scurvy [see Coutts 1918, 
Naish 1914]. 

The present paper deals with an attempt to gain by direct experiment 
a quantitative estimate of the anti-scorbutic value of dried milk compared 
with raw milk. The first series of experiments was made with guinea-pigs 
by one of us (R. E. B.) and the details of the work are set out in the next 
chapter. 

The methods and technique were the same as those employed in the 
previous work already mentioned. Guinea-pigs are however not well suited 
for work upon the anti-scorbutic value of milk. In order to maintain health 
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and to prevent scurvy, these animals need a comparatively large amount of 
anti-scorbutic material in their diet; in case, therefore, of a foodstuff like 
milk with a low content of anti-scurvy vitamine, it is necessary for large 
quantities to be consumed. It is against the habit and nature of these animals 
to take much liquid and we have never come across an animal which would 
take voluntarily the large daily ration (100 cc. and upwards) of raw milk 
necessary to afford protection from scurvy. Hand feeding of these large 
quantities is indescribably tedious and in many cases they cannot be tolerated 
without digestive disturbance. The results obtained in a few successful 
cases out of a large number of trials are given below (Table I), together with 
those obtained by similar methods with dried milk. The inferiority of the 
latter as regards anti-scorbutic properties is clearly shown. 

The importance of this result in relation to the artificial feeding of infants 
made it very desirable to repeat the experiments with a second experimental 
animal. Young, growing monkeys were selected, and the work was carried 
out by E.M.H. Many monkeys are extremely fond of milk in any form, 
and once the right species and individual have been selected, there is little 
difficulty in persuading the animal to take the daily ration ordained. 
Symptoms of scurvy in the monkey are more closely allied to those of the 
human disease than is the case with guinea-pig scurvy, and in these young 
monkeys appeared to be identical with those of infantile scurvy. The results 
obtained were in complete accord with those obtained from the work with 
guinea-pigs. The quantity of milk which, added to a diet containing no other 
anti-scorbutic material, successfully prevented the onset of scurvy when 
given in the raw condition, failed to avert it when prepared from dried milk; 
and, further, the scurvy symptoms developed in the latter case could be cured 
if the dried milk ration was substituted by an equal amount of raw milk. 

In these experiments with monkeys, evidence was obtained that the anti- 
scorbutic value of cow’s milk (and of the dried milk prepared from it) was 
dependent to some degree upon the season of the year, summer milk, from 
May onwards, being richer in anti-scorbutic properties than winter milk (see 
below, p. 316). This fact is doubtless to be attributed to the difference in 
the cow’s diet at these different seasons, the winter diet of mangolds, hay, 
cotton cake and cereals being poor in anti-scorbutic vitamine when compared 
with the summer diet of fresh greenstuff. 

The bearing of these results upon the problems connected with infant 
feeding will be discussed later on, when the experimental work has been 
described in detail. 
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KXPERIMENTS WITH GUINEA-PIGS, spy R. E. BARNES. 
Raw Milk. 


The fresh milk used for these experiments and for those with monkeys, 
described below, was obtained from a model dairy and was very pure, 
specially delivered country milk. 

The successful trials with raw milk are comparatively few for the reasons 
given above. The results of six experiments set out in Table Ia afford, how- 
ever, useful confirmation of similar work described in the previous communica- 
tion referred to above [Chick, Hume and Skelton 1918, 1]. The diet, as then, 
consisted of oats, wheaten bran and fresh cow’s milk, and it was again found 
that scurvy could be prevented and health maintained in those cases in which 
100—150 ce. were taken. 

The symptoms of guinea-pig scurvy and the post-mortem appearances 
have been described in previous communications [Chick, Hume and Skelton 
1918, 2; Delf and Tozer 1918] and it is unnecessary to recapitulate them here. 

Of these six experiments made with raw milk, the cream was removed 
in three cases by simple centrifuging. Milk thus separated seemed to agree 
with the animals better than full cream milk, and fewer animals were rejected 
after trial. As regards the anti-scorbutic value, no evidence was obtained 
that this treatment had any marked influence. 


Dried Milk. 


The dried milk used was a well-known commercial brand prepared by 
the Hatmaker process. In this process milk is poured in a thin film over 
steam-heated rotating cylinders, the water of the milk is rapidly evaporated 
and the solids left in a thin skin on the surface of the drums. After the drum 
has made about two-thirds of a revolution this skin is scraped off with knife 
blades, broken up and passed through a sieve as a finely granular powder. 
The temperature of the revolving drums is considerably over 100°, but the 
time of contact is stated by the manufacturers to be a few seconds only. 

Two varieties of this dried milk were obtained for these experiments 
with the kind cooperation of the manufacturers. In one set of experiments 
the dried milk was quite fresh, being delivered at the Institute less than one 
week after manufacture, and used for experiment about one week later 
(Table 6). The second variety was imported from a distant colony and was 
at least six months old when received, and probably not less than nine months. 
It must therefore have been nearly one year old before the conclusion of some 
of the experiments (Table Ic). 

The results obtained gave no indication that the age of the product had 
much effect upon its anti-scorbutic value, but the experiments were not 
calculated to show any fine shades of difference. Against the greater age of 
this second sample of Colonial origin, must however be set the fact that the 


“poyeredag i “WROD TINT y 


O AAanos S19ASS—poUulIoJzo10TYyO ‘Tt AIA §-9Z—- OBZ 09E 108 €& = = ER 88 ‘c8 PV &g9 
= Aaanos youry 

c “SIP— poutiojyoroyo £uorytpuos PYM She— 68S O8€ ste GL = = USII [001 = L-6 1g9 

Aamnos oruoryo woIy meg 89 - O00 668 zee OL = == [GIL FOL 1-06 0¢9 

Aaimos Wory yVeg = BZZ— BET OOF 908 IL st = 1-€6 OCI S-L6 679 

ATuo sqi ursusis‘Aamog = g.yT- —-zez_ PIF LPS "LG = — - @8IIl  %Z0l 9-88 8F9 


‘aungon{nunu Layfo syyuow E-—9 ‘y]uu 8 .noa pariup fo anypa 204nqtoos-4y)U (2) 


QIBABS AIDA 


OU sUOIse] YSnoyy ‘Laanos wnody yyeoq €2- 992 968 se 0€ SI6I “UIF “Aon a = OL F901 €89 
Aammos po 
AVU—pouttojoroyyo ‘poyojaim feu  ¢.9¢— 986 OlF o09¢ GE SI6T “UIST “sny a= = = S-66 LLO 
AAmMOos a10A08 wWody YQeacy 8Z1- 862 90F ZHE GE S161 ‘pug Ajne ame = 8L L‘86 899 
e1eaos AOA suoIsey ‘Aainos wor YWwoq ~——_L-9e — 9LT €60 816 8 SI6T “ISTE Avy => = 8-98 1-28 199 
Tj. sev uooozuT 
FYSTS ‘yeep Jo osnvo urew oyy Aammog ==F-IZ- 22S ELE zBZ €F S161 ‘pag ounr = an &-L6 L-81T 099 


‘ounjonfnunu sayfo syaan F—T “ypu s.moo parip fo anjwa aynquoos-yupy (q) 


AAInNos plo Jo susts— 
Wo}IOW-JsOg “yUoWTIed xo Jo pus [YUN 
qiTvey poos peXolue pure pereaovor 
‘Aep Wypp Woy poaoadut ‘Aep puzz 2 
Worf AAINOS JO SUSIS pomoys [eUTUY F-6E+ FLF ply OVE = ST6T “HIST “ONY = G-LEL «GFET = S-6IT ~—sCT-86 1894 
toz10ur-ysod Avanos Jo 


ANTISCORBUTIC VALUE OF MILK 


SUIS JYSIIG “woIrpuod poos utr [vmruy 6-GE + Ghh =6StS:)—SCODES 68 SIG6T “Y9Fs Atne: = G-T9T €€1 F6L FLOL 
: Aaanos Wod Yyyeoqd GEE — O82 99F gE 9€ SI6T “4901 Aqng eas — €°88 8-6¢1 OLo+ 
wej10tm-gsod Avanos 
JO 90U9pIAs OU—aesvosIp wioIt yyVoq L-66+ SSF LLG gEcE L8 SI6I “498% 490 ae GEIL €-€01 9-€01 089% 
AAIMOS ou 
—uettedxe ysnoryy [Te qyvey poos uy G09 + 08S €8¢ 9c¢¢ 16 SI6T ‘WIZ “Sny as @8é1 6-601 1-06 9L9x 


ef] Sulinp Aammos jo swoydurks 
ou :woWow-ysod punoy Aaanos jo 


Tuo seowsy fosnvo uMoUyUN UIOAy YVVEq ~=«gk-g Of OFF O09 OF  SIGI ‘WIZI ‘SnY a = LOL 8-16 CLO x 
q[nsay whe [euly poyover [erry sdep upvseq jue Wt pag pug 481 Teutue 
asueyy 4sousiyy ‘queued -t1adxa ayeq eee FLT jo ON 
S——-—_——q~ ‘xo jo 00 
3 UL yysuary ‘sAep gz JO spotied aatssaoons ut ‘ATrep 
STVULIUB JO JYSIO AA peuinsuos yTIW JO squnoure asei0ay 


Perl Unig Uawayn pun syo0 “6 YE—O| Jo pajsisuoca yarp 10809 OY T, 
‘shid-nouinb ynm syuaursadaca “YIM $,noo mos fo anjoa aynquoos-yuy (n) ‘T 219%], 


—--” °° °°» ' é ‘ _  - a ~ a 


2 


21 


310 R. KE. BARNES AND E. M. HUME 


Colonial cows, so the manufacturers stated, are grass fed all the year round. 
It is probable therefore that this Colonial dried milk had a much greater 
anti-scorbutic value to start with and even after six months may still have 
contained more than milk from stall fed cows even when freshly manufactured. 
Out of a total of five animals on each type of dried milk, not one escaped 
scurvy, although one animal in each series showed slight signs only (Nos. 648 
and 683). On the whole, those receiving the older material lived longer, 
suggesting a greater reserve of anti-scorbutic vitamine, but the scurvy lesions, 
post-mortem, were correspondingly more severe. 

When these results are compared with those obtained with raw milk, a 
great difference in the anti-scorbutic value is at once evident. In those cases 
where a large enough ration of raw milk was consumed, scurvy was prevented 
and in cases like 681 (Table Ia) where the average amount consumed for the 
first 28 days of the experiment, 98 cc., was not enough to protect the animal, 
the larger rations consumed afterwards (119 cc. daily for a second period of 
28 days and 135 and 147 cc. respectively for two succeeding similar periods) 
caused an improvement in the symptoms, and effected a successful cure. 
In case of the animals on dried milk no such effect was noticed. The amounts 
consumed (reckoned in terms of raw milk) were in many cases not less than 
those which successfully prevented scurvy in case of raw milk, and some 
experiments show a close parallel in the quantity actually taken. For example, 
No. 676 (Table Ia) on raw milk enjoyed good health throughout while No. 650 
(Table Ic) on dried milk died from scurvy and these two animals consumed 
very similar amounts during the three periods of 28 days, into which the 
experiments were divided. In case of No. 676, these amounts were 90 cc., 110 ce. 
and 128 cc. and in the case of No. 650, 90 cc., 104 cc. and 112 cc. respectively 
for the three periods. It was usual for the appetite to fall off with onset of 
scurvy symptoms, and the usual increase in the amount of milk taken with 
increasing age of the animal, which is very noticeable in many of the raw 
milk experiments, is not apparent in case of dried milk. 


GROWTH PROMOTING PROPERTIES OF RAW AND DRIED MILK. 


The four curves in Fig. 1 show growth of four animals receiving respectively 
full cream raw milk (A); separated raw milk (B); freshly manufactured dried 
milk (C); dried milk 6—12 months old (D); normal diet of cabbage and 
grain for comparison (N). Those animals were selected for comparison whose 
consumption of milk was as nearly as possible the same. During the first 
20—30 days of the experiment, the degree of growth is similar in all cases; 
with the onset of scurvy symptoms, there is decline and failure to grow in 
case of the animals receiving dried milk. 

This failure is satisfactorily explained by the onset of scurvy and it is 
not necessary to assume that the growth promoting vitamines, water-soluble B, 
or fat-soluble A, have suffered serious damage in the process of drying. If 
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there had been any defect in the diet from this cause, the failure to maintain 
growth in case of dried milk would have been evident from the beginning of 
the experiment, whereas it was only evident after sufficient time had elapsed 
for the lack of anti-scorbutic material to make itself felt. It must be admitted 
that in case of the experiments with raw milk, owing to the size of the ration, 
the fat-soluble factor was probably present in large excess of the guinea- 
pig’s requirements, and that any loss occurring during the drying might not 
have been sufficient to bring it below this level. 

This point seemed of sufficient importance to warrant further investigation, 
and special experiments are now in progress to determine the relative value, 
as regards growth, of raw milk, dried milk and strongly heated milk respect- 
ively. In this work, the results of which will be published shortly, the quantities 
fed to the animals were considerably reduced, in order to determine the 
amounts which, in the several cases, will limit growth in guinea-pigs upon 
diets arranged to be satisfactory in all other respects. The results at present 
obtained show no significant difference between the growth promoting 
properties of equivalent amounts of dried and fresh milk. 


Note. 


While the present paper was in course of preparation two articles appeared 
by Hess and Unger [1919] and by Hart, Steenbock and Smith [1919] upon 
which comment is necessary. 

Hess and Unger [1919, pp. 295, 296] find that 80 ce. daily of fresh milk 
or the equivalent dried by the Just-Hatmaker process are sufficient to cure 
guinea-pig scurvy which has already developed. This result is apparently in 
conflict with our experiments in which 100—150 cc. raw milk were found 
necessary to prevent guinea-pig scurvy and protection with dried milk was 
not attained at all. The reason for this discrepancy is doubtless to be found 
in differences in the basal diets adopted by these workers and ourselves. 
We employed oats and bran only, while Hess and Unger included hay ad 
libitum. Delf and Skelton [1918] have shown that vegetable leaves (cabbage) 
lose a great proportion, but not all, of their anti-scorbutic value when dried, 
and that the loss varies according to the length of time which has elapsed 
since the drying took place. Hay must therefore be looked upon as not 
entirely devoid of anti-scorbutic properties which will vary according to its 
age, probably also according to its composition. If fed ad libitum, a third 
variable is introduced, in the difference between the appetite of individual 
guinea-pigs and consequently in the amount consumed. 

In experiments destined to estimate the anti-scurvy value of any par- 
ticular food stuff, e.g. milk in this instance, the foodstuff in question should 
constitute the only variable in the diet; if hay ad libitum is given with the 
basal diet, two and possibly three, variables are included in addition. 

The inclusion of anti-scorbutic material in the basal diet makes it possible 
to protect guinea-pigs from scurvy with smaller rations of milk than could 
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otherwise be effected, and by such a procedure it might be possible to obtain 
a quantitative estimate of the comparative value of dried compared with 
raw milk, which could not be obtained by our method. 

But the results of such experiments can only be regarded as trustworthy 
when the included material is standardised both as regards its own anti- 
scorbutic value and the quantity consumed by the guinea-pigs. 

It is stated by Hess and Unger [1919, p. 295] that Chick and Hume and 
other workers at the Lister Institute have used dried milk as part of their 
basal dietary —“because it was found that this milk was devoid of anti- 
scorbutic power.’ We have never used dried milk as part of our basal diet 
in this Institute, nor do we regard it as devoid of anti-scorbutic power as 
the present paper shows clearly. The milk which has been used regularly 
in our basal diet has been autoclaved at 120° for one hour and given in con- 
stant quantity, 60 cc. daily to each guinea-pig. In milk so treated we have 
been unable to find any significant survival of anti-scorbutic value. 

In the paper by Hart, Steenbock and Smith [1919] to which attention is 
also drawn, hay ad libitum was again included in the basal diet of the guinea- 
pigs and the same criticism applies. They too obtain protection from scurvy 
with rations of milk considerably smaller than those which we have found 
necessary: in the case of fresh milk a daily ration of 84 cc. gave complete 
protection from scurvy and partial protection was obtained with 30 ce. daily. 
The authors themselves [1919, p. 308] suggest the probability that “the hay 
still contains some of the anti-scorbutic vitamine, which in addition to that 
in the milk and grain is sufficent to prevent the development of the disease” 
on a ration of fresh milk smaller than would be needed to protect when no 
hay is given. 


EXPERIMENTS WITH MONKEYS, sy E. MARGARET HUME. 


Scurvy in monkeys has been described by Hart and Lessing [1913], 
Harden and Zilva [1918], and Chick, Hume and Skelton [1918, 3]. When 
these animals are fed upon a diet deficient in anti-scorbutic material but 
otherwise adequate, scurvy is developed in about ten weeks [Harden and 
Zilva 1918], with symptoms closely resembling those of human scurvy. Such 
are sponginess and bleeding of the gums with loosening of the teeth, and 
haemorrhages under the periosteum and in almost any part of the body. 
There is weakness and ultimately almost complete powerlessness of the hind 
limbs, a condition characteristic of infantile scurvy which has been called 
““yseudo-paralysis” [Barlow 1894], and which is apparently the result of 
haemorrhages into the hip and knee joints. The bones also become fragile 
and there is enlargement and disruption of the rib-junctions. When the 
disease is far advanced the whole body and limbs are tender. 

Barlow ascribes the sub-periosteal haemorrhage in scurvy of infants to an 
increased vascularity of the periosteum from which blood is assumed to 
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escape and to collect between the periosteum and the bone. From post- 
mortem examinations of slight and incipient scurvy in monkeys it has seemed 
rather as if the bone became rarified at an early stage of the disease and that 
blood oozed outwards through the bone, presumably from haemorrhage in 
the bone marrow. 

Alterations in the gums were observed to occur earlier and to be much 
more severe in monkeys which were changing their temporary for their 
permanent dentition; the onset of scurvy arrested the eruption of the teeth, 
the gums became swollen and blood blisters were frequently formed over the 
site of the budding tooth. Gum symptoms were usually the first sign of 
scurvy to be observed, but occasionally the weakening of the hind legs 
preceded them. This so-called “pseudo-paralysis” is very characteristic. At 
first only a slight decrease in activity is noticed, the animal does not jump 
as high or as carelessly as it was wont to do; this condition progresses until 
at last the hind legs become useless and the animal swings itself about in a 
sitting posture by the aid of its fore-limbs. 

The effect of scorbutic symptoms upon the weight of the monkey is 
similar to that observed in case of guinea-pigs. About the time of the first 
appearance of scurvy symptoms, the animal ceases to gain in weight and soon 
afterwards a slow but gradually accelerated loss of weight begins (Fig. 3, 
curve A, p. 321). If a cure is then administered, this loss is soon checked 
and after a short period of maintenance weight is again put on at a remarkable 
rate (Fig. 3, curve A, p. 321). The original weight of the animal is regained 
and the normal rate of growth, if the animal is young and growin 
established. 

The monkeys used in this set of experiments were not very numerous 
and were of various kinds and sizes. All were young, growing, healthy 
animals at about the age of the second dentition, probably, therefore, from 
one-and-a-half to three years old. They included the genera Mazacus (two 
species), Cercopithecus (two species) and Cercocebus (one species). As the 
animals were so few and so various, special precautions had to be taken to 
avoid error due to idiosyncrasy. The method pursued was, in the first place, 
to determine the minimum dose of fresh and dried milk respectively, which 
would protect a monkey from scurvy when on a diet otherwise devoid of 
anti-scorbutic material. In the second place, when scurvy had developed 
upon a certain daily ration of dried milk, cures were attempted by substitu- 
ting the same sized ration of raw milk. This procedure eliminated many 
sources of error, in that the comparison between the two foodstuffs was 
carried out upon the same individual animal. 

The basal diet. The staple item was boiled polished rice, of which 100 g. 
(dry weight) was allowed daily to each animal; to this was added 30 g. daily 
of raw wheat germ to provide an abundant supply of the water-soluble B 
or anti-beriberi factor. A piece of wheaten biscuit, a few pea-nuts or dried 
peas or a little paddy rice were given as a relish. To the basal diet was added 
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the measured ration of milk, warmed very slightly and heavily sweetened; 
this served as the source of the anti-rachitic and fat-soluble A factor and 
was also the only source provided of the anti-scorbutic factor. When the 
ration was below 200 cc. a day it was made up to this amount by addition 
of milk autoclaved at 120° for one hour to deprive it of anti-scorbutic vit- 
amine. This addition was made in order to increase the amount of anti-rachitic 
factor in the diet; the monkeys, however, would not always accept it. 

The milk ration was usually divided into two parts and offered to the 
animals morning and evening, the monkeys being trained to drink out of 
a dish held in their cages. It was occasionally necessary to feed with a pipette, 
syringe or spoon if the animal grew tired of the milk and had to be coaxed 
to carry the experiment through. 

The milk used for the experiments with raw milk was the same as that 
used in the work with guinea-pigs (p. 308). The dried milk was also of the 
same brand as in the foregoing experiments, but the work was confined to 
the English material of recent manufacture; in some trials it was one to two 
weeks old and in others two to three weeks old. 

A summary of the results obtained is set out in Table II and full protocols 
of all the experiments are given later, p. 320. They include three trials with 
dried milk and six trials with raw milk. One of the latter, Exp. 1 A, was a 
curative experiment following a period on dried milk during which definite 
and severe scurvy was developed. 

As regards the amount of raw milk which must be consumed daily to 
prevent scurvy in monkeys, rations of 50 cc. and 75 cc. proved too small in 
case of two monkeys, David (initial weight 2080 g.) and Diana (initial weight 
2770 g.) respectively. 125 cc. was found adequate (see Exp. 6, Imp, weight 
1940 g.), so also was 200 cc. (Exp. 8, Rags, weight 2230 g.), while 175 cc. 
cured Jane (Exp. 1 A, initial weight 2180.) of scurvy which she had acquired 
on a diet containing an equivalent amount of dried milk. 

On the basis of these results we might place the minimum protective 
ration of raw cow’s milk at about 100 cc. daily. The case of the monkey 
Chirgwin (Exp. 7) who developed slight symptoms of scurvy, but was other- 
_ wise in good health for six months upon a daily ration of 150 cc., is somewhat 
out of line with the above. This particular experiment was of less value than 
some of the others from the fact that the raw milk experiment followed 
a period of 43 days on dried milk, after which the nature of her ration had to 
be changed owing to her sudden, but persistent, refusal to take dried milk. 

In the case of dried milk we have definite proof of the inadequacy of 
amounts equivalent to 175 cc. and 200 cc. milk daily in case of monkeys 
Jane (Exp. 1) and Toby (Exp. 2) respectively. Both these monkeys de- 
veloped definite and severe scurvy in from three to four months; and in 
case of Toby, the ration was increased to 300 cc. without in any way relieving 
the scurvy symptoms which, on the contrary, became progressively more 
severe. The third monkey, Caesar (initial weight 2740 g.), received the 
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equivalent of 250 ee. daily. After about four months his condition suggested 
most distinctly the onset of scurvy, his ceaseless activity became less marked, 
his hind limbs became slightly weak and his weight stationary. As the time 
progressed, his condition improved, however, and it appeared as if his milk 
ration Was increasing in anti-scorbutic value. The change for the better took 
place about the middle of June, about four weeks after incipient scurvy had 
been detected, and at a period of the year shortly after the time when cows 
change their winter stall feeding for the open pasture. Such an alteration in 
diet may be expected to influence the anti-scorbutic value of the milk given 
by the cow and also of the dried milk prepared therefrom, especially when, 
as was the case in these experiments, it is consumed very shortly after manu- 
facture. A disturbing factor is thus introduced into the experimental work, 
when the series of experiments extends over one year as was the case in the 
present research. The milk was consequently derived from cows which during 
a portion of the time were stall-fed and during other portions were pasture 
fed. The milk, either dried or fresh, cannot therefore be regarded as a uniform 
article throughout the period. It is judged, however, that this fact did not 
materially alter the trend of the experiments, seeing that trials with raw and 
dried milk went forward simultaneously, and the latter was given so soon 
after manufacture. In the case of the monkeys Caesar and Chirgwin (see 
below, p. 323), however, the taking of the cows out to pasture about the 
middle of May was doubtless the means of raising a ration of dried milk of 
250 cc. (Caesar) and a ration of fresh milk of 150 ce. (Chirgwin) from a non- 
protective to a protective amount. 

The influence of differences in the cow’s diet upon the anti-scorbutic 
value of the milk given makes it, however, impossible to obtai an absolute 
standard for the anti-scorbutic value of cow’s milk and it is only possible to 
say that the daily ration of raw milk which protects from scurvy a monkey of 
2—3 kg. weight is from 125 to 175 cc., while the corresponding ration of dried 
milk, of fresh manufacture, is from 250 to 300 ce. 

It is interesting to note that the amount of raw milk needed to protect 
a guinea-pig from scurvy, 100 to 150 cc., is almost as great as that needed to 
protect a monkey. The corresponding amount of dried milk, freshly manu- 
factured, necessary for a guinea-pig, would therefore be the equivalent of 
well over 200 cc., an amount far too large to be consumed by an animal of 
300 to 400 g.s weight. It is not, therefore, surprising that all efforts to protect 
guinea-pigs from scurvy with dried cow’s milk, even when given in a con- 
centration greater than the normal, should have proved unsuccessful. 


EXPERIMENT WITH HEATED MILK. 


Only one experiment was made in which the anti-scorbutic value of raw 
cow’s milk, scalded, was tested. 
The experiment was designed to show whether milk, heated to a degree 
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which is commonly believed to destroy the bacillus of tuberculosis, suffers 
serious loss in anti-scorbutic vitamine. 

The milk was heated quickly in an enamel pan over a Bunsen burner; 
it was removed at the moment when it frothed up, at the boil, and was allowed 
to cool in the air. The total period of heating was found to be about four 
minutes, during which time the milk was between 70° and 100° for about 
one-and-a-half minutes. After the pan was lifted from the flame, four minutes 
elapsed before the temperature of the milk fell again to 70°, and a further 
17 minutes before it reached 40°. The whole operation consisted therefore 
in exposure to a temperature between 70° and 100° for about five-and-a-half 
minutes. 

A ration of 200 ec. of such milk was given to a monkey (Toby) which had 
developed scurvy on a daily ration of 200 cc. of dried milk. The cure was 
rapid and complete. 

The loss in anti-scorbutic vitamine is therefore not as great as is the loss 
suffered by milk in drying, but since the minimum amount of raw milk needed 
to protect a monkey is less than 200 cc., being about 150 cc., the milk might, 
in the scalding, have suffered loss to the extent of 25 per cent. of the anti- 
scorbutic vitamine it originally contained, without its being possible to detect 
such loss by the one experiment made. A loss of more than 25 per cent. 
would however have reduced the anti-scorbutic value of the ration to less 
than that of 150 cc. raw milk, but the rapidity of the cure suggested that the 
animal was receiving a considerable excess over and above the minimal ration 
needed to protect. Such scalding may therefore be looked upon as a means 
of sterilisation causing comparatively little damage to the anti-scorbutic 
vitamine. 


GROWTH PROMOTING POWERS OF RAW, DRIED AND HEATED MILK. 


None of the experiments described was specially designed to test the 
growth promoting powers of the milks used, but as in most cases the milk 
ration was, at the same time, the chief, if not the sole source of the fat- 
soluble A (anti-rachitic) growth promoting factor, it is possible to draw 
certain deductions. These are necessarily somewhat rough owing to the 
diversity in kinds and ages of the monkeys used. 

It was found that a ration of 200 cc. daily of milk of any description, raw, 
dried, scalded or autoclaved, gave good growth but where smaller quantities 
were used growth was retarded. 

In the post-mortem examination of the monkey, David (Exp. 4), which 
received 50 cc. or less of raw milk, distinct symptoms of rickets were ob- 
served. The rib junctions were enlarged and there were also secondary 
enlargements on the bony shaft of the rib, enclosing cartilaginous islands 
(see Fig. 2), such as are so frequently seen on the ribs of monkeys kept long 
in confinement on unsuitable diet in zoological gardens. This monkey although 
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a young and growing one (initial weight 2080 g.) showed a daily increment 
of 1-5 g. only, up to the time when he developed scurvy. The histology was 
kindly examined by Miss F, M. Tozer, to whom I am indebted for the drawing 
reproduced in Fig. 2. 

If a comparison is made between the weight curves (Fig. 3) of the monkeys 
Toby (curve A, 200 cc. dried milk) and Rags (curve B, 200 ec. raw milk), 
for the first 70 days of the experiment, 7.e. up to the time when Toby developed 
scurvy, it is seen that Toby on dried milk shows a daily increment of 6-4 g. 
while Rags on raw milk shows one of 6-1 g. The rate of growth is therefore 
almost the same, being slightly in favour of the monkey on dried milk. These 
two animals are particularly well chosen for comparison as being more nearly 
alike than any of the other experimental monkeys. Both were male Cercocebus 
fuliginosus, purchased together, presumably of the same past history, and 
their initial weights, 2470 g. and 2230 g. were also nearly the same. 

No two of the other animals are Bacily comparable either in themselves 
or in the ration they received. 

Jane (initial weight 2090 g.) over the various periods of her experiment 


gives the following daily increments: 
Rate of growth, 


Daily ration of milk Days of exp.  g. per day 
Dried milk, 175 ce. ... +3 i ns 63 athe 
Raw milk, 175 ce. (period of cure) Stes 24 2:5 
33 125 ce. ... re ane 60 2-0 
125 ec.; autoclaved mate 75 ce. 102 2-2 


The only marked superiority here, seems to be in the case of the large 
ration of dried milk; the large ration of raw milk was not continued suffi- 
ciently long to give a conclusive result. In considering these figures it must, 
however, be remembered that monkeys’ growth is not necessarily uniform 
and conclusions drawn from comparative growth, over consecutive periods, 
on the same animal may not give reliable results. As far as the experiments 
go, however, the results obtained with monkeys confirm those obtained with 
guinea-pigs and show that dried milk is not appreciably inferior to raw milk 
as regards the growth promoting properties, and the content of the fat- 
soluble A factor. Experiments with rats [see Coutts 1918; Lane Claypon 1916] 
are in harmony with this view. 


PROTOCOLS. 


David. (No. 4, Macacus rhesus. Male. Initial preihs 2080 g.) Raw milk 
ration 50 cc. Scurvy developed. 


For the first 42 days he refused to drink the milk, it was therefore poured over the cooked rice 
meal; the amount consumed was consequently less than 50 cc. per diem. 

For the next 41 days the milk was taken regularly from the syringe. About the 66th day 
haemorrhagic spots were noticed on the gums and incipient scurvy was diagnosed. On the 85th 
day the animal met with an accident, biting its tongue so severely that it refused its milk and 
never again consumed the full 50 cc. The scurvy symptoms progressed, stiffness of the hind legs 
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was observed, the animal lost weight and finally severe dysentery set in; he was chloroformed 
on the 148th day. 

The post-mortem examination showed incipient scurvy, haemorrhage into the synovial 
cavities of knees, elbows and hips, and petechial haemorrhage in the dura mater; there was 
sponginess at the ends of the long hones and incipient sub-periosteal haemorrhage in the same 
regions. ‘There was enlargement of the costochondral junctions, probably of rachitie origin, and 
there were also secondary enlargements along some of the rib bones, nearer to the spine (see Fig. 2, 
p. 319). The bones of the ribs and skull were much rarified and could be cut through easily with 
scissors, 

The large intestine showed the inner surface mucoid and slightly haemorrhaged, probably 
from dysentery, but no organism was recovered which corresponded to a typical dysentery. 

Scurvy symptoms first appeared when the full ration of 50 ce. of raw milk was being consumed. 
A moribund state was induced by dysentery supervening, presumably on a condition where the 
immunity was lowered by incipient rickets and scurvy. 


Diana. (No. 5, Macacus rhesus. Female. Initial weight 2770 g.) Raw 
milk, average consumption 75 cc. Scurvy developed. 


This monkey consumed on an average 75 ce. raw milk daily from the syringe and on this diet 
she gained weight slowly till scurvy symptoms supervened. Slight sponginess and haemorrhage 
of the gums were observed on the 119th day. From this time onward the milk was consumed less 
well and the scurvy symptoms progressed more rapidly; the gums became markedly spongy and 
bleeding; the hind legs became uncertain and a haemorrhage about the eye produced the dis- 
coloration characteristic of a black eye. 

On the 148rd day, anti-scorbutic material in the form of 10 g. daily of raw germinated peas 
(soaked 24 hours, germinated 48 hours) was administered together with a liberal ration of auto- 
claved milk. A gain in weight soon became apparent and the scorbutic symptoms disappeared. 

An average consumption of 75 cc. raw milk a day was therefore insufficient to protect this 
animal from scurvy. 


Jane. (No. 1, 14, Macacus cynomolgus (fasciatus). Common macaque. 
Female. Initial weight 2090 ¢.) Dried milk, average daily ration equivalent 
to 175 cc. Scurvy developed and was cured later by an equal ration of raw 
milk. 


This monkey began to show haemorrhage of the gums about the 105th day and leg weakness 
appeared soon after. About this time the change from primary to secondary dentition took place. 
On the 96th day one of the upper median incisors was lost and at first the new budding tooth 
could be seen in the gap; soon however the gum became swollen and purplish and a haematoma 
developed over the new tooth. 

The monkey continued to take her milk well and did not lose weight seriously. The symptoms 
progressed in the gums which became much swollen and of a dusky purple colour; the haematoma 
continued unchanged and the new tooth remained uncut. The legs became very weak and almost 
useless. 

On the 142nd day the ration was changed to one of fresh milk and in order to make the com- 
parison perfectly fair, the quantities given were exactly the same in inverse order as had been the 
quantities of dried milk consumed. Improvement was rapid. In ten days the animal was much 
more active and weight was put on speedily; in 20 days the haematoma was almost gone and 
the cutting of the tooth, delayed for over nine weeks by the attack of scurvy, proceeded normally. 

After the cure had proceeded for 54 days and was deemed to be complete, the ration of fresh 
milk was cut down to 125 cc. daily. Good health and fair growth were maintained but on the 
68th day of this treatment, it was decided to raise the ration to 200 cc. by adding 75 ce. of auto- 
claved milk. In this way it was intended to increase the ration of the fat-soluble A growth factor, 
while keeping the supply of the anti-scorbutic material the same. This change seemed to lend a 
slight impetus to growth but it seems probable that the monkey was in any case a slow growing 
one. 
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After 162 days the animal was still in good health and it was concluded that in this case 


125 ce. daily of raw milk provided sufficient of the anti-scorbutic factor, while 175 cc. of dried 
milk had failed to do so. 


Imp. (No. 6, Cercopithecus sabaeus. Male. Initial weight 1940 g.) Raw 
milk ration 125 cc. Protection from scurvy. 


‘This monkey received 125 cc. raw milk as its sole source of the anti-scorbutic factor for 182 
days and showed no sign of scurvy throughout. 

On the 60th day 75 cc. autoclaved milk was added as the animal, although in excellent con- 
dition, was occasionally subject to convulsions. It was thought that these might be of rachitic 
origin and it was decided to give an additional supply of fat-soluble A in this manner. The con- 
vulsions ceased but the rate of growth was never rapid, 125 cc. raw milk daily however seemed to 
supply enough of the anti-scorbutic factor as no symptom of scurvy was ever observed. 


Chirgwin. (No. 7, Cercopithecus sabaeus. Female. Initial weight 2770 g.) 


Dried milk ration 200 cc. for short period, followed by raw milk ration 150 ce. 
Result inconclusive. 


This monkey started under somewhat unsatisfactory conditions and never cooperated well 
at any time. It was originally intended that she should receive a ration of 200 cc. of dried milk 
which she took more or less regularly for 40 days; from that period she refused to touch it and the 
experiment had to be altered to one with a daily ration of 150 cc. raw milk. This amount was 
regularly consumed, for any lapses were made up by proportional increase on succeeding days. 

Growth was very slow but the animal refused to drink an additional 50 cc. of autoclaved milk 
which was offered in order to raise the total volume to 200 cc. and to afford an increased supply 
of fat-soluble growth factor. On the 104th day ot the raw milk experiment a slight redness of 
the gums was noticed, which increased, On the 120th day a large fluctuating swelling on the crown 
of the head, which had been noticed for several weeks, had become so large that it was decided to 
operate. No pus was found, only liquid blood which was drained away and the incision sewn up. 
Such a haematoma was probably not formed traumatically, on account of its slow growth, and 
it is concluded that the haemorrhage was due to scurvy, a conclusion confirmed by the slightly 
scorbutic condition of the gums. Contrary to expectation the wound did not fill up again with 
blood, but healed satisfactorily and at the same time the gums also regained their normal healthy 
appearance. 5 

The opening of the haematoma took place on May 17, 1919, and on enquiry it was ascertained 
that May 13th was the date upon which the herd whence the fresh milk was derived, had been 
turned out to pasture. The conclusion drawn, therefore, is that the alteration in diet of the cows 
had raised the anti-scorbutic value of the milk from a ration below, to a ration just above, the 
protective minimum. The preliminary feeding on dried milk had ended 15 weeks before any 
scorbutic symptoms began to show, this may have had an influence upon the subsequent history, 
but it seems unlikely. 

The ration of 150 cc. raw milk was continued till the 188th day when the experiment was 
terminated; the animal seemed in excellent health, there were a few minute bleeding points on 
the gums, however, which may have been of scorbutic origin. 

The conclusion to be drawn from this experiment seems to be that 150 ec. raw milk was in 
this case just on the borderline of protection, the discrepancy between this result and that of the 
two preceding experiments, where Jane and Imp were protected with 125 ce. raw milk daily, is 
doubtless due to individual idiosyncrasy and also possibly to differences in the size of the animals, 
for the animal at present under consideration was considerably larger than either of the other two. 


Caesar. (No. 3, Cercopithecus callitrichus. Male. Initial weight 2740 g.) 
Dried milk equivalent to 250 ce. Result inconclusive. 


This animal was fed a ration of dried milk equivalent to 250 ce. daily: growth was fairly 
good until the 88th day, when it ceased. About the 113th day, the animal’s activity became 
Bioch. x1II 22 
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diminished and very slight redness of the gums was apparent. These symptoms continued and the 
animal became progressively less active with slightly falling weight until the 130th day, when the 
weight began to rise again, activity was slowly restored and the slight gum symptoms disappeared, 

Sucha mild attack of scurvy and spontaneous cure without any intentional alteration in the diet 
or*the amount of it taken, is probably to be explained in the same way as with Chirgwin, the 
preceding monkey. In that case it was attributed to alteration in the properties of the raw milk 
ration, consequent upon the taking of the cows out to pasture with corresponding alteration in 
the antiscorbutic properties of their diet and of the milk given by them. In Caesar’s case the date 
of his sickening and recovery was early in June 1919, but as the dried milk used was two to three 
weeks old, it would probably have been milked in the beginning or middle of May, 7.e. just about 
the time that the cows supplying our fresh milk were proved to have changed their habits and 
diet for the summer. The manufacturers of the dried milk were applied to for information con- 
cerning the herd from whose milk the dried milk was prepared, but they were unable to make 
any definite statement with regard to dates, since the dried milk was prepared from material 
furnished by a great number of farms. It is, however, a fair assumption that the majority of cows 
would go to pasture early in May. 

It may be concluded from the results of this experiment, therefore, that 250 cc. dried milk, 
freshly prepared, is about the minimal protective ration for a monkey weighing from two to three 


kes. 


Rags. (No. 8, Cercocebus fuliginosus. Male. Sooty Mangabey. Initial 
weight 2230 ¢.) Fresh milk, daily ration 200 ce. Excellent health and growth. 


This animal and the next, Toby, form an excellent contrast as they were similar in every 
particular, save only for the difference in the daily ration of milk fed to them. Their weight 
curves are set out for comparison in Fig. 3, p. 321. 

Rags received 200 cc. raw milk daily for 225 days during the whole of which time he remained 
in perfect health and added 50 % to his weight. No trace of any symptom of scurvy was ever 
observed. At the close of the experiment he weighed 3000 g. but notwithstanding his size, 200 ce. 
daily was a ration ample to protect from scurvy and to promote good growth. 


Toby. (No. 2, Cercocebus fuliginosus. Male. Sooty Mangabey. Initial 
weight 2470 g.) Dried milk, daily ration equivalent to 200 ce. Severe scurvy 
developed, and was cured upon an equivalent ration of fresh milk, scalded. 


This animal was fed 200 cc. daily, and throve and grew well for about 70 days (Fig. 3, Curve A). 
After the 70th day growth slackened and it was noticed that there was a slight diminution in the 
animal's agility. By the 77th day, the symptoms were definite, the gums were swollen and purple 
and the hind limbs showed distinct weakness. The symptoms still progressed and the monkey 
lost flesh rapidly. On the 97th day he could not walk at all but was only able to swing himself 
in a sitting posture and his gums bled freely. On this day it was decided to attempt a cure by 
increasing the daily ration to 300 cc. of dried milk. The amount was taken readily and continued 
for a week, but the weight still fell and the general condition became worse. 

On the 104th day the ration was changed to 200 cc. of fresh milk which had been ‘ ‘scalded 
(see p. 317). The day after this treatment was commenced a slight improvement was detected, 
in four days the animal could scramble out of his cage and in a week was markedly better. The 
fall in weight was, however, not arrested for six days and a definite rise in weight did not set in 
for over a fortnight, when the monkey began to gain in weight with astonishing rapidity. In 
16 days after the cure began, he could run about; in 62 days after, he was deemed to be completely 
recovered and the experiment was ended. Dried milk equivalent to 200 cc. therefore was in- 
sufficient, and 200 cc. raw milk, scalded, was amply sufficient to protect this animal from scurvy. 
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APPLICATION OF THE FOREGOING RESULTS TO THE FEEDING OF INFANTS. 


At the present time dried milk is being used for the feeding of infants to 
an ever increasing extent and it cannot be denied that it offers many advan- 
tages over ordinary raw milk both in general convenience and in absence of 
risk from tuberculosis and other infections. The question arises as to whether 
its nutritive properties are equal to those of raw fresh milk, or boiled fresh 
milk, and, seeing that its anti-scorbutic value has definitely been proved to 
be lower, whether this defect is of serious importance, when it is employed 
for the nourishment of infants. 

Many infant specialists having large experience of feeding with dried milk 
declare that they have never encountered a case of scurvy among the children 
fed upon it [see Lane Claypon 1916]. It is not, however, stated always for 
how many months an exclusive diet of dried milk was continued nor whether 
all extra anti-scorbutics were excluded. It must also be remembered that 
slight scorbutic defects may exist without giving rise to the classic appearance 
of severe infantile scurvy and may even escape detection altogether. Such 
conditions have been observed by Hess and Fish [1914] and by Miller [1917]. 
But in absence even of such mild symptoms as were described by these workers, 
there might yet be conditions which were unsatisfactory as regards the health 
of the infant, due to an insufficient supply of the anti-scorbutic material in 
the diet. The experimental work upon scurvy has shown that there may be 
defects in the structure of bony tissues, only discoverable by microscopical 
examination, when there has been only a slight deficiency of anti-scorbutic 
material in the diet, and when no macroscopic signs of scurvy have been 
detected during life or post-mortem [see Delf and Tozer 1918; Zilva and 
Wells 1919]. For example, it is during the first months of an infant’s life 
that processes are at work upon the construction of the permanent teeth, 
and any defect in the structure of these may not be apparent until many 
years later. It is probable, therefore, that an entirely trustworthy estimate 
of the anti-scorbutic value of dried milk as the sole food during infancy cannot 
be formed until this point has been investigated. 

The results of the experimental work leave no doubt that dried cow’s 
milk is inferior to raw milk in anti-scorbutic properties and that raw cow’s 
milk itself is a food of comparatively poor value in this respect. It is reason- 
able to assume that in a diet of raw cow’s milk there is not any great excess 
of anti-scurvy vitamine above the infant’s requirements and that when dried 
milk is substituted, there is risk that the supply of this vitamine may fall 
below what is necessary for complete safety. Under these circumstances the 
only wise course is to provide a supplementary anti-scorbutic. 

With regard to the growth promoting properties of milk, and in particular 
its content of the fat-soluble accessory factor, no evidence was obtained from 
the present work, either from the experiments with guinea-pigs or from those 
with monkeys, that any loss is suffered during the process of drying. The 
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results of a separate series of experiments upon this point by one of us (R.E.B.) 
are shortly to be published. The results of this work also go to show that the 
growth promoting value of fresh milk and dried milk are roughly about equal. 
If, as seems probable, from the work of EK. Mellanby [1918, 1919], the fat- 
soluble growth factor and the anti-rachitic factor prove to be the same, then 
whole dried milk can be relied upon to possess the same value as fresh milk 
for maintenance of growth and for prevention of rickets. As regards the 
water-soluble B accessory growth factor, its presence in abundance in many 
dry foodstuffs indicates that dried milk may be assumed to possess it in about 
the same amount as fresh milk. As a matter of fact none of the foregoing 
experiments was designed to give information upon this point, as the water- 
soluble or anti-neuritic factor was provided also in the grain ration of the 
experimental animals. The question is of importance, however, when, as 
is the case with infants, the diet is composed exclusively of milk. 

There is urgent need for experimental work in which comparison is made 
between human milk and cow’s milk in respect of the content of the three 
accessory factors, (1) anti-scorbutic, (2) fat-soluble (or anti-rachitic), (3) water- 
soluble or anti-neuritic factor. There is at the present time no direct informa- 
tion upon this point and such results would be of great value in helping to 
settle many of the problems of infant feeding. The obstacle to such work is 
the great difficulty in obtaining a regular supply of human milk for the long 
period of time required for trustworthy experiments of this type. 

On theoretical grounds we should expect the milk of pasture-fed cows to 
be richer in the first two of the above vitamines, seeing that a diet of green 
leaves is a rich source of both. Moreover cow’s milk is constituted to be the 
sole nourishment of the calf, an animal of much quicker growth than the 
human infant, and therefore presumably needing a more abundant provision 
of all diet constituents, including the vitamines. On such a basis of argument 
summer milk from cows may be supposed to contain an amount of accessory 
factors in excess of the requirements of the human baby. On the other hand, 
it must be remembered that human milk has important advantages in that 
it is always taken in the raw condition and undiluted, and that the above 
arguments in favour of cow’s milk refer only to the milk given on the natural 
diet of grass. In the winter stall-fed cows commonly receive an artificial 
diet of hay, roots and oil-cake prepared from seeds, which is a diet deficient in 
the fat-soluble growth factor and, especially if the roots consist of mangolds 
and not of swedes or turnips [see Chick and Rhodes 1918], deficient also in 
the anti-scorbutic factor. The milk given will show corresponding de- 
ficiencies. 

Seeing therefore that cow’s milk is a foodstuff of inconstant value as 
regards its anti-scorbutic properties and that the latter are much reduced 
in the process of drying, there is every reason to advocate the use of an extra 
anti-scorbutic in the dietary of infants nourished on dried milk. The results 
of experiments specially carried out to determine the most suitable substances 
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for this purpose have been published by Chick and Rhodes [1918], working 
in this Institute, and among the foodstuffs investigated, raw orange juice and 
raw swede juice were specially recommended both for potency and for general 
acceptability. Hess and Unger [1918] have recommended the use of the 
juice of raw or tinned tomatoes, and their results, as regards tinned tomatoes, 
have since been confirmed by Chick and Rhodes [unpublished experiments]. 


SUMMARY AND CONCLUSIONS. 


1. A series of nutritional experiments with guinea-pigs is described in 
which the diet consisted of oats and bran, and a ration of cow’s milk consti- 
tuted the only anti-scorbutic material. It was found possible to prevent 
scurvy and to maintain good health in animals of 300 to 400 g. weight if 
100 to 150 ce. of raw cow’s milk were consumed daily. When dried milk 
was substituted for the fresh milk scurvy was not prevented even when 
amounts equivalent to these were taken. This was true whether the dried 
milk was of recent manufacture (one to two weeks old) or of much greater 
age (six to twelve months). 

2. A similar result was obtained in a series of experiments with monkeys. 
In this case only dried milk of recent manufacture was used. Rations of 
fresh milk of 50 to 75 ce. daily were not sufficient to prevent scurvy in young 
animals of 2 to 3 kg. weight; a ration of 100 to 150 cc. daily was however 
adequate. In case of dried milk the equivalent of about 250 to 300 ce. (at 
least) was necessary. In one instance severe scurvy, developing on an average 
daily ration equivalent to 175 cc., was cured rapidly and completely by sub- 
stituting an equal ration of raw milk. In another case, where scurvy developed 
on an average daily ration of dried milk equivalent to 200 cc., increase of the 
ration to the equivalent of 300 cc. caused no improvement, but a cure was 
successfully effected with a daily ration of 200 cc. “scalded” milk, 7.e. raw 
milk quickly brought to the boil and immediately set to cool (exposure to a 
temperature between 70° and 100° for about five-and-a-half minutes). 

3. No indication was obtained from either series of experiments that the 
growth promoting properties of fresh milk suffer any serious damage during 
the process of drying. 

4. Evidence is brought forward indicating that summer cow’s milk has 
a higher anti-scorbutic value than that given in the winter. This is to be 
explained by the difference in diet, from fresh herbage in the summer, to hay, 
oil-cake, cereals and roots in the winter. The use of turnips or swedes, rather 
than mangolds, should result in a milk of higher anti-scorbutic value. 

5, The bearing of these results upon infant feeding is discussed and argu- 
ments are given in favour of employing an extra anti-scorbutic in the diet of 
infants nourished upon dried cow’s milk. For this purpose the raw juices of 
oranges, swedes, and tomatoes are specially to be recommended and in case 
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of the last named, good results have been obtained even with the tinned 
material. 


The above experiments were carried out under the guidance of Dr Harriette 
Chick in continuance of work already published in collaboration with her 
and others, and the authors wish to express their gratitude to her for her help 
and advice throughout. Thanks are also due to Mr Willis Ginger of the 
Glaxo Milk Co. and to Mr Wilfred Buckley for kindly furnishing information 
with regard to the materials used for the experiments, also to Mrs E. Price 
for timely help in the feeding experiments, to Miss Tozer and Miss Rhodes 
and lastly to Miss Mary Tazelaar, for her devoted ministrations to the 
monkeys. 
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FORMATION BY ASPERGILLUS NIGER. 
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THE production of organic acids, as a result of the growth of micro-organisms 
in solutions containing sugars, is of great importance both from a theoretical 
and practical point of view. A comparison of the acids produced by different 
organisms reveals the fact that, whereas the bacteria as a class chiefly produce 
monobasic acids, e.g., acetic acid, butyric acid, and lactic acid, the formation 
of polybasic acids, e.g., oxalic acid, citric acid, and fumaric acid, is almost 
entirely limited to the fungi. Even of the fungi the only family know to pos- 
sess this chemical activity is that of the Aspergillacee. Although there were 
previously in the literature a number of isolated references to the production 
of oxalic acid by Aspergillus niger, the proof that this micro-organism really 
forms oxalic acid from sugar was not satisfactorily established until Wehmer 
published his classical researches on the subject in a series of papers in 1891. 
In addition to investigating the production of free oxalic acid from glucose 
under a variety of different conditions, he also showed that salts of oxalic 
acid are produced by the same fungus from salts of a few organic acids— 
notably from tartrates, malates, and citrates. He made no attempt, however, 
to offer any chemical explanation of the steps involved in the process. More 
recently Emmerling [1903] investigated the production of oxalates, by A. 
niger, from amino-acids and other protein derivatives. In particular, although 
he found that ammonium oxalate was produced in good yield from aspartic 
acid, he was quite unable to obtain any from the chemically allied substances— 
the ammonium salts of succinic, malic and tartaric acids. Heinze [1903], in a 
paper singularly devoid of experimental details, states that in the decom- 
position of glucose by A. niger, acetic acid is produced in addition to oxalic 
acid. 

Until recently, it has been generally accepted that the production of citric 
acid from sugar was characteristic of a group of fungi, to which Wehmer gave 
the generic name of Citromyces, and that oxalic acid fermentation was almost 
equally characteristic of Aspergillus niger. That this is not so was proved by 
Currie [1917]. Working with a number of different strains of A. niger, he 
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showed that all of them produced from saccharose both oxalic acid and citric 
acid, the proportions of which could be varied by varying the conditions of 
the experiment. He pictured the general equation of metabolism of A. niger 
as follows: 
Carbohydrate - citric acid - oxalic acid > carbon dioxide > mycelium, 

and says “The equation has been written in this order, because Aspergillus 
niger will readily form oxalic acid when given only citric acid as a source of 
carbon.” 

A short time ago, Wehmer [1918] isolated another member of the Asper- 
gillacese, to which he gave the name Aspergillus fumaricus, which produces 
from sugar fumaric acid, together with a little citric acid. These three poly- 
basic acids, oxalic, citric, and fumaric, are not to be regarded as extraneous 
by-products of the degradation of sugar by these micro-organisms, as is, for 
example, the succinic acid produced during the alcoholic fermentation of 
sugar, which has been shown by Ehrlich [1909] to have its origin in the glutamic 
acid of the yeast protein. A consideration of the yield, which is in each case 
above 50 °% of the sugar consumed, shows that these acids really represent 
definite stages in the degradation of the sugar molecule. 

It will be noticed that, with the exception of Currie, no worker has 
attempted to offer any explanation as to the steps involved in the formation of 
these acids from sugar. The experiments in this paper were undertaken in the 
hope of elucidating the mechanism of the production of oxalic acid from sugar 
by Aspergillus niger. It is proposed to study the production of citric acid at 
some future time. 

From a consideration of the literature, we came to the conclusion that a 
direct method of investigation, though admittedly more satisfactory, offered 
less hope of success than an indirect attack. The former method involves the 
isolation of intermediate products, in this case between sugar and oxalic acid, 
since it is certain that this action does not take place in one stage. The latter 
method involves the investigation of the production, or non-production, of 
oxalic acid from possible intermediate compounds, on the assumption that a 
failure to produce oxalic acid from the substance under investigation justifies 
the conclusion that that substance does not represent a stage in the reactions 
involved in the production of oxalic acid. Production of oxalic acid, however, 
does not necessarily indicate that the substance in question is an intermediate 
product. 

For these reasons, the method employed was to estimate the oxalic acid 
formed (but present as a salt of oxalic acid) when A. niger was cultivated in 
solutions containing salts of organic acids as the sole source of carbon. We 
were led to use salts of organic acids, rather than the free acids themselves, 
since, according to Wehmer, free oxalic acid, in the absence of other available 
carbon, is readily decomposed by A. niger at 37°, whereas fixation of the acid, 
as a salt, prevents its further decomposition by the fungus to any appreciable 
extent. 
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EXPERIMENTAL. 


Throughout this work one strain of Aspergillus niger was used. This was 
obtained from Dr Paine of the Imperial College of Science and Technology, 
S. Kensington, and was identified by Mr F. T. Brooks of Cambridge. To both 
of them our thanks are due. 

A culture solution was made up with the following composition: 


Water 1000 ce. 
NH,NO, 25 g. 
KH,PO, 12-5 g. 
MgSO,7H,O 6°25 2. 


20 ce. of this, diluted to 50 ec., gave one of Wehmer’s solutions, having the 
following composition: 


Water 50 ce. 
NH,NO, 0-5 g. 
KH,PO, 0:25 g. 
MgSO,7H,O 0-125 g. 


This solution is subsequently referred to as “Culture Solution A.” In some 
cases 1-5 g. of a salt of the acid under investigation was weighed out, dissolved 
in 30 cc. water, and to this 20 cc. of the undiluted culture solution was added. 
In other cases, where it was more convenient to use the free acid as a starting 
point, 1-5 g. of the acid was weighed out and neutralised with the necessary 
amount of normal alkali (NV soda or V ammonia), as determined by titration. 
The volume was then made up to 30 ce. by adding the calculated amount of 
water from a burette, and, as before, 20 cc. of the culture solution was added. 
In each case the 50 cc. of solution was contained in a 200 ce. flask, autoclaved, 
inoculated with spores of A. niger, and incubated at 37° in the dark. 

After a definite period of time, the oxalic acid content was estimated 
quantitatively by the usual method. The fungus was filtered off, and 
thoroughly extracted with hot dilute HCl, and hot water. The combined 
filtrate and washings were made distinctly alkaline with ammonia, and then 
acid with acetic acid. The oxalic acid was then precipitated from the boiling 
solution as the calcium salt, by the addition of calcium acetate and acetic acid. 
After standing overnight, the washed calcium oxalate was titrated with 
standard permanganate in the usual way. 

This method was shown to be quantitative by adding a known weight of 
oxalic acid to 50 cc. of the culture solution A, and estimating as above. 


Oxalic acid added to Oxalic acid 
culture solution estimated 
(a) 0-1964 g. 0-1967 g. 
(b) 0-1954 g. 0-1944 g. 


The only difficulty met was with culture solutions containing tartaric acid. 
On standing overnight, a crystalline precipitate, probably consisting of calcium 
racemate, was found to be mixed with the calcium oxalate. The mixed calcium 
salts were filtered off, washed with hot water, re-dissolved in hot N HCl, made 
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alkaline with ammonia, and then made acid with acetic acid. After the 
addition of a little calcium acetate, and while the solution was still hot, the 
calcium oxalate was filtered off, washed, and estimated in the usual way. The 
calcium racemate remains in solution, and though a very small amount of 
calcium oxalate may also remain dissolved in the hot solution, the method is 
sufficiently accurate for our purpose. 

Reference to the results given later shows that we were unable, under any 
conditions, to obtain any oxalate formation from salts of lactic acid. It was 
thought possible that the method might not be strictly quantitative in the 
presence of lactic acid. That this is not so was proved in the following way. 
To the filtrate and washings from sodium lactate C (‘Table IV, p. 335), to which 
had been added calcium acetate in the usual way, without any precipitation 
of calcium oxalate, was added 100 ce. standard oxalic acid solution (= 15-20 ce. 
potassium permanganate solution). The precipitated calcium oxalate required . 
15-46 ce. permanganate solution. 


Preliminary Experiments. 


In order to obtain some idea of the activity of A. niger, the amount of 
oxalic acid produced from the ammonium salts of a series of acids was deter- 
mined. (In the case of glyoxylic acid, the calcium salt was used.) The results 
are summarised in the following table: 


Table I. 


1-5 g. acid as ammonium salt. Culture Solution A. 


Oxalic acid Percentage 


Incubation produced, of 
period expressed as theoretical 
Acid in days Growth g. C,H,Q, yield 
Butyric 27 = = = 
Succinic 24 +++ 0-3764 16-45 
Fumaric 25 ee 0-2671 11-48 
Malic 25 +++ 0-3477 17-26 
Tartaric 26 ++ 0-0609 3°39 
Propionic 27 - == = 
Pyruvic 26 +++ 0-0115 0-53 
Lactic ... ele aes ao 26 +++ 0 0 
Acetic ... Bae Aa ee 26 + 9-0201 0-93 
Glycollie Ae: os ig 26 + 0 0 
Glyoxylic (Ca salt) ... sot 32 + 0 0 
Culture solution A as control 32 trace 0 0 


+++ + indicates extremely heavy growth. 


+44 55 heavy growth. 
ap ae “p fairly good growth. 
+ oa distinct, growth. 
= - no growth. 


The oxalic acid produced is calculated as anhydrous C,H,0,. The 
theoretical yield is calculated on the assumption that all the carbon of the acid 
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investigated (determined by titration) is converted into oxalic acid, and our 
results are expressed as a percentage of this value. 

These results indicate that the chemical constitution of the acids, given as 
a source of carbon to the fungus, is of primary importance for the production 
of oxalic acid. Thus, although the best growth was obtained with the three- 
carbon acids, pyruvic and lactic, the amount of oxalic acid produced was nil 
or negligible, whereas with the four-carbon dibasic acids—succinic, fumaric, 
malic and tartaric—good yields were obtained. Similarly with the two- 
carbon acids—acetic, glycollic and glyoxylic—although growth was approxi- 
mately the same in each case, acetic acid was the only one from which any 
oxalic acid was produced. It will be noticed that, although A. niger grew 
slightly in the culture solution alone, there was no growth at all when the 
ammonium salt of propionic acid or butyric acid was present. This fact was 
also observed by Wehmer, who was unable to obtain any growth from these 
two acids, under any conditions. This was probably due to hydrolytic dis- 
sociation of the organic salts, with the consequent formation of a certain 
amount of the free acids, which, above a certain concentration, are known to 
have a deleterious effect on the fungus [Duclaux, 1889]. For this reason, in 
the subsequent work two other culture solutions were made up, containing, 
in place of KH,PO,, the one Na, HPO,, and the other Na,PO,. It was hoped 
that this would have a beneficial effect in fixing any oxalic acid that might be 
formed. 

Main Series of Experiments. 

In the following series of experiments, the conditions of which are similar 
to those of the preliminary series, three culture solutions were used: 

1. Culture Solution A has already been described. 

2. Culture Solution B. A stock solution was made such that 20 ce. diluted 
to 50 cc. (as with A) had the following composition: 


Water 50 ce. 
NH,NO, 0-5 g. 
Na, HPO, 0-25 g. 
K,SO, 0-125 g. 
MgCl, 9-005 g. 


3. Culture Solution C. A stock solution was made such that, on dilution, 
(as with A and B) it had the following composition: 


Water 50 ce. 
NH,NO, 0-5 g. 
Na,PO, 0-25 g. 
K5S0, 0-125 g. 
MgCl, 0-005 g. 


The production of oxalic acid (as oxalates) from a large series of acids, 
present as sodium, ammonium, or calcium salts, was investigated. The results, 
which are summarised in the following tables, are expressed as in Table I. 
We have also incorporated with them, for comparison, the results given in 
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Four-carbon dibasic acids. 


Oxalic acid Percentage 


Incubation produced, of 
period expressed as theoretical 
Acid Salt Medium in days Growth g. C,H,0, yield 
Succinie ... 9... Na A 38 +++ 1-0503 45:90 ‘ 
RB 38 ++ O-8113 35-46 
Ss C 38 + 04227 18-47 
NH, A 24 +++ 03764 16-45 
“ A 38 +++ 06360 27-80 
Fumaric ... | NO A 38 +++ 1-050 45-11 
*: B 38 ++ 1-074 46-14 
>) y 38 ++ 0-7910 34:00 
NH, 25 +++ 0-2671 11-48 
Maleic  ... woe EN A 34 + 0 0 
B 34. + 0-0049 0-28 
C 34 + 0-:0105 0-62 
» A 38 1 0 0 
: B 38 + 0-0080 0-48 
3 y 38 + 00333 1-97 
Malic a ea) NG A 38 ++ 06493 32-22 
4, B 38 ++ 0-5506 27-33 
= C 38 than ae 0-951 47-2 
NH, A 25 +++ 0:3477 17-26 
* A 38 ++ 0-:3170 15-73 
Tartaric ... .. Na A 38 + 0 0 
5 B 38 + 0 0 
x C 38 trace 0 0 
NH, A 26 ++ 0-0609 339° 
Table III. i 
Four-carbon monobasic acids. ; 
Incubation Percentage 
period C,H,0, of theoreti- 
Acid Salt Medium in days Growth g. cal yield 
Butyaie | 5-2 “ws «= N@ A 38 - = == 
bs B 38 + 0-0080 0:33 
” C 38 = = i 
NH, A 27 _ — — 
Isobutyric eo ND A 38 - — = 
= B 38 oh —_ -- 
44 C 38 - — _ 
8-Hydroxybutyric Na A 38 = — —_ ; 
- B 38 - - _ f 
” C 38 = = = 
Hydroxyisobutyric Na A 38 ~ — = 
” B 38 = oem aS 
22 C 38 = _ ot 
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Acid 


Lactic 


Pyruvic 


Glyceric 


Malonic 


Propionic 


Acid 
Acetic 


Glycollic ... 


Glycollic (a differ- 
ent sample of 
glycollic acid) 


Glyoxylic 


Salt 


Table IV. 


Three-carbon acids. 


Medium 


QWNerPOWrPOWP 


OWPOnP OWPONPOnP POWp 


rap 


Incubation 
period 
in days 


Table V. 


Growth 
+++ 


Two-carbon acids. 


Medium 


PPORFOWP> POmPOWP 


Incubation 
period 
in days 


Growth 


SRSR GF 
Sp OG= SF 
+ 
qe a 
se 4H ae 
trace 


Scooocococcco 


C,H,0, 
g. 


= 
_ 
for] 
bo 
io) 


C,H,0, 
g. 


0-3869 
0-4534 
0-0111 
0-4211 
0-4534 


0-0201 


0 
0 
0 
0-:0034 
0-0045 
0-0036 
0 


0 


33 


Percentage 
of theoreti- 
cal yield 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


SS T19 
Se Sie 
CO Or — 


om OS = 0 
mero Oe 


i ed a) ooo 


Ile 


Percentage 
of theoreti- 
cal yield 


38-98 
45-70 

1-12 
42-44 
45-70 


0-93 


oocccoescoco 
to bo bo 
Noo 


~ 


0 
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Table VI. 


One-carbon acid. 


Incubation Percentage 
period C,H,O, of theoreti- 
Acid Salt Medium in days Growth g. cal yield 
Formic ... ee A 38 + ++ 0 0 
B 38 + + 0 0 
C 38 + 0 0 


Control cultures containing only culture solution A, B, or C were inoculated 
with A. niger and grown for 38 days at 37°. No oxalic acid was formed. 

In each experiment a control flask, containing the salt of the acid under 
investigation and culture solution, was incubated without inoculation. In no 
case was any oxalic acid formed. 


INFLUENCE OF THE SOURCE OF NITROGEN ON OXALATE FORMATION. 


In the literature on oxalic acid formation from sugar by A. niger, frequent 
references are made to the importance of the source of nitrogen supply. Thus 
Wehmer, in Lafar’s handbook [1910], says “‘ A decisive influence is also exerted 
by the inorganic bodies present, especially the source of nitrogen for the grow- 
ing fungus, the liberation of acid (oxalic) being absent (in spite of good growth), 
when ammonium chloride or sulphate is substituted for potassium, calcium, 
or ammonium nitrate (even in the presence of sugar),—and, in fact, these 
additions will prevent the formation of acid in cultures that would otherwise 
acidify at once.’’ This he explains as follows: The assimilation of nitrogen 
from a nitrate by the fungus results in the liberation of a base from the nitrate, 
i.e., NH,OH, NaOH, KOH or Ca(OH), which would fix a portion of the 
oxalic acid formed, thus preventing its decomposition. The assimilation of 
nitrogen from ammonium chloride or sulphate, however, would result in the 
production of a mineral acid—HCl or H,SO,—which would tend to favour the 
decomposition of the oxalic acid, which is known to be much more easily 
decomposed by A. niger than are its salts. This explanation seems a little 
difficult to accept, in view of the following facts: 

1. Only a relatively small amount of the nitrogen supplied is metabolised 
as protein, as we have proved. 

2. Currie [1917] has shown that oxalic acid, along with citric acid, is pro- 
duced from sugar in culture media made acid to Py, 3-4-3-5 with HCl. 

It seemed to us desirable, because of the importance that we attached to 
acetic acid as a probable precursor of oxalic acid, to prove whether the nitrate 
ion has any specific importance in the production of oxalates (as distinct from 
free oxalic acid) from sodium acetate. With this end in view, A. niger was 
cultivated on solutions containing sodium acetate as the sole source of carbon, 
the nitrogen being supplied as ammonium nitrate, sulphate, chloride or phos- 
phate. 
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Otherwise the conditions of the experiment were as before. The results 
given in Table VII are expressed in the same way as in the other tables. 


Table VII. 
1:5 ¢. crystalline Na acetate (contains 0-904 ¢. C,H,0, Na). 
Incubation Percentage 
Ammonium period C,H,O, of theoreti- 
salt Medium in days Growth g. cal yield 
NH,NO, A 38 +++ 0-4211 42-44 
B 38 ++4 0-4534 45-70 
C 38 trace — a= 
(NH,)H,PO, Al 38 + + 0-4204 42-37 
Bl 38 fn 4h se 0-4836 48-73 
Cl 38 +++ 04873 49-11 
NH,Cl AV 38 +++ 0-4067 40-98 
B2 38 ++ 0:4739 47-77 
12 38 trace = == 
(NH,).S0, A3 38 eee 0-4054 40-86 
B3 38 ++ 0-4707 47-43 
C3 38 trace — = 


Culture Solutions: 
A, B, C have the same composition as previously. 
A1, B1, C1 have the same composition as A, B, C, with the exception 
that NH,NO, is replaced by the same weight of (NH,)H,PO,. 
A2, B2, C2, NH,NO, replaced by NH,Cl. 
A3, B3, C3, NH,NO, x fo VERO, - 


These remarkably concordant results show that the nitrate ion has no 
specific effect on oxalate formation, and confirm the previous observation that 
A. niger can oxidise acetic acid to oxalic acid very smoothly. 


DISCUSSION OF RESULTS. 


A consideration of the results obtained with the four-carbon dibasic acids 
shows that, in general, they give remarkably good yields of oxalic acid. In 
particular, this is especially true of succinic, fumaric, and malic acids. The 
failure of A. niger to produce any oxalic acid from the sodium salts of tartaric 
acid is prokably due to the fact that the fungus only grew very slightly. The 
poor growth and poor yield of oxalic acid obtained with sodium maleate is in 
agreement with the observation made by Buchner [1892], who showed that 
A. niger-could utilise fumaric acid, but not maleic acid, as a source of carbon. 
This he was led to expect from the fact that, whilst fumaric acid is a normal 
constituent of many plants, the isomeric maleic acid has not yet been found in 
nature. The small amount of growth we did obtain was probably a result of 
the molecular rearrangement of a portion of the sodium maleate, under the 
conditions of our experiment. 


338 H. RAISTRICK AND A. B. CLARK 


The outstanding feature of the experiments with the four-carbon mono- 
basic acids is the almost entire absence of growth and failure to produce oxalic 
acid. The isolated case in which growth and oxalic acid formation was 
observed justifies the conclusion previously made as to the reason for the 
failure of the fungus to grow in a solution containing ammonium butyrate. 

Most surprising and unexpected results were obtained from the series of 
acids containing three-carbon atoms. In almost all cases we obtained magnifi- 
cent growths of the fungus, which were, on the whole, better than those 
obtained with the four-carbon dibasic acids. In spite of this, the yield of 
oxalic acid was either nil or very small. In particular was this the case with 
lactic acid, which is known to be an almost constant product of the bacterial 
degradation of sugar. A somewhat similar result was obtained by Wehmer 
[1891]. He cultivated A. niger on a solution identical with our culture solution 
A, and obtained the following results. In one experiment with free lactic acid 
he obtained no oxalic acid after 101 days; in two experiments with potassium 
lactate, after the same length of time, he observed the formation of 3-67 % 
of oxalic acid in the one case, and of no oxalic acid in the other. Finally with 
calcium lactate, in two experiments having an incubation period of 43 days, 
he obtained 0-76 °% and 0-96 % respectively. That the oxalic acid is not first 
formed, and then decomposed, is indicated by our results, which proved its 
non-production after an incubation lasting only seven days. 

A comparison of the results obtained with the two-carbon acids—acetic, 
glycollic, and glyoxylic—shows a sharp differentiation between acetic and the 
other two acids. With the exception of the one experiment with ammonium 
acetate, on which the fungus only grew very slightlv, the yield of oxalic acid 
obtained from acetic acid was from 39 °% to 49 9%, whereas with glycollic and 
glyoxylic acids the yield was either nil or negligible. The behaviour of A. niger 
towards these three acids offers another example of the difference between 
biological and chemical reactions, for although it is a relatively simple matter 
to oxidise glycollic and glyoxylic acids to oxalic acid in vitro, it is difficult to 
obtain oxalic acid from acetic acid. The ease with which A. niger oxidises 
acetic acid seems to us to be a very significant fact. 

No oxalic acid is produced from the one-carbon acid—formic acid— 
although the growth was relatively good. This suggests that oxalic acid 
formation is not a question of synthesis. 

Three facts have been proved conclusively in the experiments described in 
this paper: 

I. Acetic acid is the only one of the three possible two-carbon acids which 
is oxidised by A. niger to oxalic acid. 


II. Taken as a class, the three-carbon acids are not oxidised to oxalic 
acid by the fungus to any appreciable extent. 


Ill. The four-carbon dibasic acids are, as a class, smoothly oxidised to 
oxalic acid, whilst the four-carbon monobasic acids give no oxalic acid. 
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A consideration of these facts leads to the following conclusions: 


(I) The breakdown of the sugar molecule by A. niger does not take place 
by a primary splitting of one molecule of sugar into two molecules of a three- 
carbon acid since, as was pointed out in the introduction, the non-production 
of oxalic acid from them, by A. niger, necessarily precludes the possibility of 
their being precursors of oxalic acid. 


(II) The breakdown cannot take place carbon by carbon, leaving the 
last two carbon atoms in the chain to be oxidised to oxalic acid, since this 
would result in the production of one-carbon compounds, and it has been 
shown that A. niger is unable to synthesise oxalic acid. Also, if this hypothesis 
were correct, it would follow that the maximum yield obtainable would be 
about 33 °%%, whereas, in practise, the yield is usually about 50%. It is also 
extremely unlikely on general grounds. 


(III) The breakdown probably takes place in two stages, involving in the 
first stage the production, from one molecule of sugar, of one molecule of a 
two-carbon compound, and one molecule of a four-carbon compound. This is 
then broken down in the second stage into two molecules, each containing two 
carbon atoms. 


To meet these conclusions the following scheme is suggested, since it seems 
to fit in with all the known facts: 


CH,OH CH,OH COOH COOH COOH 
HO b H ((OH) at han O boon 
HO ( no be Ua Ua +h, CH, COOH 
1 BROPKOY: ic bony Fak bom 0 booH boon es COOH 
Ho.¢.H UH (x 4n,+Gii, = GOH 
bixo bizo door COOH COOH 
(1) (0) (111) (IV) 


The first stage (I) suggested represents the formation, by simple dehy- 
dration, of the enol form of a “polyketide.” So long ago as 1893 and, more 
CH,OH cH,oH  Tecently, in 1907, Collie [1893, 1907], who proposed the 


| term “polyketides” for the series of compounds con- 
((OH) co 


\| taining -CH, . CO- groups, pointed out the importance 
tele SEL for biological chemistry of this class of compounds. 
bon CO These observations do not seem to us to have received 
Ns CH, from biochemists the consideration that they deserve. 
| | As a class, the “polyketides” give rise to a large series 
CHO CHO 


of compounds which either occur in nature or are closely 
related to naturally occurring compounds. Moreover, the reactions involved 
are of a very simple nature, e.g., hydration, dehydration, polymerisation, etc., 
and very often take place at the ordinary temperature. In particular, Collie 
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pointed out the close relationship between the sugars and the keten group— 
though at present we have no means of synthesising the sugars from keten or 
from any of its simple derivatives. Thus, if one takes two keten groups, 


| | | 


CO C(OH) H.C.OH 
|| +H,O | 

CH, + CH +» HO.C.H 

CO bor H. é. OH 

| || +H,O | 

CH, CH HO.C.H 


by simple hydration one arrives at a system of four-carbon atoms as present in 
the sugars. 

Conversely, the removal of two molecules of water from one molecule of 
sugar—a change which is probably very easily accomplished by the fungus— 
would immediately give rise to a very reactive compound. An interesting 
example of a similar type of change has recently been afforded by Voisenet 
[1918]. He isolated an organism, to which he gave the name Bacillus amar- 
acrylus, which produces acraldehyde from glycerol. The changes involved are 
represented as follows: 

CH,OH CH, CH, 
| | II 
CHOH -H,O - ((OH) -H,0 > CH 

| | 

CH,OH CH,OH CHO 

The second stage (II), involving the oxidation of the two terminal carbon 
atoms to carboxyl groups, is extremely probable in view of the oxidising powers 
which A. niger is known to possess. There is, of course, no evidence to show 


whether dehydration takes place before oxidation, or vice versa, but in either 
case there would result the formation of the enol form of a diketo-acid: 


COOH COOH 


L 
iS) 
= 
SCH e--e— 
co) 


There are a number of examples of the production, by micro-organisms, of 
keto-acids from sugars—a fact which renders this change extremely probable. 
Traetta-Mosca [1914] isolated a fungus having the characteristics of Asper- 
gillus glaucus which ferments sugars giving a hitherto unknown substance, 
which is in all probability the y-iactone of a trihydroxyhexadienoic acid. For 
this acid, which is fermentable to alcohol by yeast, Traetta-Mosca suggests 
the following formula: 
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CH, 
| 
a 


C 
én | 
| O 
| 
a] 


5 


| 
C(OH) 
(97) ne 
Also Bacterium xylinum {Adrian Brown, 1886] oxidises glucose first to 


gluconic acid, and then to keto-gluconic acid: 


CH,OH CH,OH CH,OH 
| | | 
HO—C—H HO—C—H CO 
| | 
HO C2 = s. 80-C a = ‘Hoo #8 
| | 


H—C—OH H—C—OH H—C—OH 


HO—C—H HO—C—H HO—C—H 
CHO COOH COOH 


Weizmann’s bacillus [1915], which produces acetone from the carbo- 
hydrates of maize, probably produces first aceto-acetic acid, which then loses 
CO, and forms acetone (Author’s unpublished observations). 

The subsequent breakdown of the diketo-acid IT is readily explained. It 
contains a £-keto-linking, and (disregarding the 6-keto-linking for the moment) 
is thus a f-keto-acid. The f-keto-acids, as a class, are readily hydrolysed, 
giving an acid containing two carbon atoms less and acetic acid. This change 
is represented in stage III. The acetic acid is then oxidised to oxalic acid, a 
change which our results have shown to be easily accomplished by A. nager. 
The residual part of the molecule III is the enol form of the 6-keto-acid— 
oxalacetic acid—which, undergoing a similar hydrolysis to II, gives rise to 
one molecule of oxalic acid and one molecule of acetic acid, which is then 
oxidised, as before, to oxalic acid. 

The scheme suggested involves the intermediate formation of acetic acid, 
and so it might be objected that one ought to be able to identify this acid, as 
one of the degradation products of sugar by A. niger. It must be confessed at 
once that we have quite failed to do so. Heinze [1903], in a paper previously 
referred to, states that he obtained acetic acid, in very good yield, along with 
oxalic acid by the action of A. niger on sugar. Unfortunately the lack of 
experimental details in his paper is so marked—the production of acetic acid 
being stated as a fact, without any indication as to the method of identifica- 
tion—as to render the statement practically worthless. Obviously the accumu- 
lation of acetic acid, and hence the possibility of isolating it, is governed by the 
relative rates of two reactions: 


(a) The reaction by which it is produced from sugar. 


(b) The reaction by which it is decomposed. 
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Thus if reaction (a) proceeds more rapidly than (6), acetic acid will accumu- 
late, and one ought to be able to isolate it. If, on the other hand, reaction (6) 
proceeds more quickly than (a), then it is obviously impossible, at any stage, 
to isolate any acetic acid. In other words, in order to explain the non-occur- 
rence of acetic acid, one must be able to show that it is decomposed at least 
as quickly as is glucose. Fortunately there is perfectly satisfactory evidence 
to prove that this is the case. W. Pfeffer [1895] in a large series of experiments 
cultivated A. niger in solutions containing glucose, together with one of a 
number of other substances. He was thus able to compare the relative stability 
of these substances compared with glucose. His conclusions with regard to 
acetic acid may be given in (a translation of) his own words. “Although a 
sufficient amount of glucose is quite capable of more or less protecting glycerol 
or lactic acid from utilisation, this is not true of acetic acid, which is more 
freely used by the fungus (A. niger) than is glucose itself, when simultaneously 
present.” 

It was pointed out in the introduction that, although the non-production 
of oxalic acid from the substance under investigation justifies the conclusion 
that that substance does not represent an intermediate stage between sugar 
and oxalic acid, the production of oxalic acid in quantity from the substance 
under investigation does not necessarily prove that that substance represents 
an intermediate stage between sugar and oxalic acid. Nevertheless, such a 
production of oxalie acid justifies the conclusion that the substance in 
question probably gives rise, in its decomposition, to a substance which is 
intermediate between these two compounds. Thus, although succinic, fumaric, 
malic, and, to a less extent, tartaric acid give rise to good yields of oxalic acid, 
it is not claimed that each of these substances represents an intermediate stage 
in the degradation of the sugar molecule. If, however, the scheme suggested 
is accepted, the production of oxalic acid from these dibasic acids is readily 
explained. Thus, by a simple reaction, the enol form of oxalacetic acid may 
be supposed to arise from each acid--and hence oxalic acid: 


COOH . CH, . CH, . COOH +0, 
Succinie acid SS 
20 


COOH .CH=CH.COOH+0 x 
Fumaric acid a. 
= s) 
COOH. CH, . CH(OH). COOH + gaits COOH . CH =C(OH) . COOH ~CH,COOH +COOH 
Malic acid Rey Oxalacetic acid y 


COOH . CH(OH) . CH(OH) . COOH” COOH COOH 
Tartaric acid | 

COOH 

There is experimental evidence, in at least two of these cases, that this 
change takes place. Wohl and Oesterlin [1901] showed that, by reactions 
taking place at ordinary temperatures, tartaric acid may be converted into 
oxalacetic acid. Fenton and Jones [1900] obtained oxalacetic acid from malic 
acid by oxidation with H,O, and a ferrous salt in the cold. 

The principles involved in the suggested scheme also offer an explanation 
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of the non-production of oxalic acid from the three-carbon acids. The pro- 
duction of a B-ketonic acid, giving rise by hydrolysis to acetic acid, and hence 
to oxalic acid, is the most essential part of the scheme. If one applies this 
suggestion to the three-carbon acids, it is seen that no 6-ketonic acid, and hence 
no oxalic acid, can arise from them, since they only contain three carbon atoms. 
The occasional production of small amounts of oxalic acid from some of them— 
more particularly from sodium pyruvate in culture media B and C, which were 
alkaline in reaction—probably can be explained by the fact that secondary 
changes take place, during sterilisation, which give rise to small amounts of 
acetic acid. 

In conclusion, we may be allowed to point out that the scheme suggested 
for the breakdown of sugar by A. niger offers what may be a simple explana- 
tion of the production of citric acid by this fungus, and of fumaric acid by 
A. fumaricus. 

In stage III of the reactions involved, we have produced one molecule of 
oxalacetic acid, and one molecule of acetic acid. By the simple union of these 
two compounds—both of which contain “keten” linkages, which as Collie 
pointed out readily undergo condensation with one another—a molecule of 
citric acid would arise: 

COOH COOH 
HOOC. CH, + ((OH) = HOOC. CH,—C(OH) 
ki la ber 


oor boon 

Citric acid has indeed been synthesised by Lawrence [1897], by condensing 
oxalacetic ester with bromacetic ester in the presence of zinc. It seems in- 
evitable, in order to explain the production of citric acid from sugar, to pre- 
suppose a primary splitting of the sugar molecule, followed by a condensation, 
because of the presence of a side chain in the citric acid molecule. 

The production of fumaric acid might also be easily explained by the 
reduction of oxalacetic acid: 


anon COOH 
| 
((OH) CH 
\| +2H — || +H,0 
a CH 
| 
COOH COOH 


SUMMARY. 


1. Aspergillus niger was cultivated on synthetic media containing, as the 
sole source of carbon, the salts (Na, (NH,) or Ca) of various organic acids, and 
the amount of oxalic acid produced was estimated. 

2. The following results were obtained: | 

(a) The four-carbon dibasic acids (succinic, fumaric, malic, tartaric) gave 
good growth, and good yields of oxalic acid. 
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(b) With the four-carbon monobasic acids (butyric, isobutyric, B-hydroxy- 
butyric, hydroxyisobutyric) there was almost no growth, and no production 
of oxalic acid. 

(c) The three-carbon acids (lactic, pyruvic, glyceric, malonic, propionic) 
showed, as a whole, remarkably good growth, but either entire absence, or very 
small yields, of oxalic acid. 

(d) Of the two-carbon acids, acetic acid gave good growth, and good yields 
of oxalic acid. Glycollic and glyoxylic acids gave fairly good growth, but no 
oxalic acid. 

(ec) The one-carbon acid, formic acid, gave fairly good growth, but no 
oxalic acid. 

3. From a consideration of the results obtained, a theoretical scheme is 
suggested to represent the breakdown of sugar to oxalic acid, involving the 
intermediate formation of f .-diketo-adipic acid. This undergoes hydrolysis 
into acetic acid and oxalacetic acid, which on further hydrolysis gives acetic 
acid and oxalic acid. The acetic acid, which is produced in each case, is then 
itself oxidised to oxalic acid. It is also suggested that the formation of citric 
and fumarie acids from sugar, by the Aspergillacese, may be referred to the 
intermediate production of oxalacetic acid. 


We take this opportunity of thanking Professor F. Gowland Hopkins most 
sincerely for his kind encouragement and criticism during the progress of this 
work. 
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XXXIV. ON THE SELF-PURIFICATION OF 
RIVERS AND STREAMS. 


By THE LATE ALBERT EDWIN COOPER; EVELYN ASHLEY COOPER: 
AnD JOSEPH ALAN HEWARD. 


(Received September 11th, 1919.) 


Ir is well known that the purifying action of river-water polluted with sewage 
is very considerable, as a few miles below the outfall or point of pollution a 
river may show little or no sign of pollution at all. Purification is effected by 
sedimentation of the suspended solids, and oxidation of the soluble material. 
‘The processes of oxidation give rise to deoxygenation of the river-water, and 
the extent of deoxygenation depends on the strength of the sewage, the 
degree of dilution afforded by admixture with the river-water, and the velocity 
of the river. . 

If the concentration of oxidisable material be excessive, the river-water 
will suffer considerable or complete deoxygenation, and a nuisance will result 
owing to the septic condition caused by the anaerobic decomposition of the 
organic matter. On the other hand, if there be sufficient dilution, the organic 
matter can be oxidised and thus destroyed without depriving the river-water 
of oxygen to any appreciable degree. The suspended matter will also be 
sedimented in the form of a thin film distributed over a considerable area of 
river-bed, and no nuisance will thus result through the formation of foul 
mud-banks. 

Recovery from pollution, or self-purification, as it is termed, thus depends 
on the conditions obtaining with the particular river. Ordinarily towns 
situated on the same river are sufficiently separated to give time for the river 
to recover from the effects of the upper pollution before it is subjected to the 
next. On the other hand, if towns be close together, a nuisance may result, 
and the river may become unfit to receive a further volume of sewage lower 
down, until a considerable length of time and dilution from tributaries enable 
purification to be effected. 

As early as 1891 Pettenkofer [see Roy. Comm. 1913, p. 65] appreciated the 
fact that rivers are capable of self-purification and stated that the condition 
of ariver below the point of pollution could be roughly foretold provided the 
population of the town and the volume of the river were known. He also 
realised that dissolved oxygen in the river-water played an important part 
in the process of self-purification. 

A certain amount of work has been carried out by the Royal Commission 
on Sewage Disposal to ascertain the rate of self-purification of polluted river- 
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waters as measured by the change in the amounts of oxidisable carbonaceous 
matter and ammonia present, and the production of nitrites and nitrates. 

In laboratory experiments it was conclusively shown by Adeney [ Roy. 
Comm. 1908] that in mixtures of sewage and river-water the oxidation of the 
carbonaceous matter precedes that of ammonia. In the case of rivers and 
streams under natural conditions however the disappearance of the ammonia 
takes place practically pari-passu with the oxidation of the carbonaceous 
matter [ Roy. Comm. 1913, p. 63]. This disappearance of ammonia is due to a 
large extent to absorption by algae and aquatic plants [Roy. Comm. 1913, 
p. 85]. 

It would also appear that nitrification actually takes place in the polluted 
river-waters, and this is an additional factor bringing about the disappearance 
of the ammonia [Roy. Comm. 1913, p. 89]. 

The effect of temperature on the rate of oxidation of organic matter, 7.e. 
absorption of dissolved oxygen, was also considered by the Commission [1913, 
p- 94], especially in relation to the question of standardisation of sewage 
effluents. Observations were made on the temperatures of different river- 
waters during the year, and the mean maximum temperature was found to be 
about 65° F. or 18-3° C. The dissolved oxygen absorption by sewage effluents 
in five days was found to be much greater at temperatures of 22-24° C. than 
at 18-3° C., and it was accordingly recommended that in the standardisation 
of effluents by the dissolved oxygen absorption test a definite temperature 
should be adopted and that this should be 18-3° C. 

Seasonal variation is therefore another factor in the self-purification of 
rivers. It is clear that owing to the increased rate of oxidation of organic 
matter due to greater bacterial activity, and the removal of ammonia due to 
plant development, the process of purification will operate more rapidly 
during the warmer months. On the other hand, if the river-water be over- 
charged with sewage, the nuisance may be greater in the summer months 
than in the winter, as the increased rate of oxidation may lead to deoxygena- 
tion of the water. 

Although the subject of self-purification of rivers has thus been consider- 
ably studied, no work so far seems to have been carried out to ascertain whether 
the rate and course of purification are influenced by the geological source of 
the river. Some evidence has already been obtained by the authors [1918] 
that there is a considerable difference in the rates of oxidation of organic 
matter in tap-waters and river-waters, the difference being so great that it is 
necessary to employ the river-water into which the effluent is discharged as 
the diluting medium in the dissolved oxygen absorption test, in order to 
obtain results of any value in the standardisation of effluents. It is quite 
possible that the mineralogical constituents of river-waters may exercise 
specific influences—either by acceleration or retardation of the oxidation 
processes, 

It may also be expected that the particular types of organic matter derived 
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from the plant and animal life of rivers and from drainage of land, and the 
numbers and kind of bacteria and other micro-organisms will have important 
influences. These however ultimately depend to a large extent on the geo- 
logical source of the river. 

The complex chemical and biological processes going on in river-beds or in 
the supernatant river-water no doubt have some relation to those going on in 
soil. There are however differences in the conditions controlling these pro- 
cesses in rivers and on land. 

First of all, there is frequently much less humus in a river-bed than in the 
soil, so that in rivers the chemical and biological processes may be said to be 
actually going on in a geological bed and uncomplicated by large amounts of 
decomposed vegetable matter. 

Furthermore, in a particular soil there is as a general rule a constancy in 
the amounts and proportions of the mineralogical constituents. In the case of 
rivers, on the other hand, except at the spring-head there must be at various 
times considerable variation, as a river mayreceive contributions of water from 
many springs and from drainage off large areas of land of different geological 
formations, and the relative volume of water from these various sources must 
depend on climatic conditions and seasonal variations. The conditions 
obtaining are thus extremely complicated. 

Notwithstanding these variations, a river-water may be sufficiently 
characteristic in chemical composition to distinguish it from other river-waters. 

For example, in considering the characters of river-waters in this country, 
we find that they necessarily depend on the nature of the soils and rocks over 
which they flow. The rivers of Scotland thus are in general soft, the mountains 
being composed of granite, gneiss, mica schists, and there is only a small 
proportion of calcium carbonate. The water from the Cumberland and the 
Welsh mountains (Silurian rocks) is for the same reason generally soft. In 
Wales however when the Old Red Sandstone district is reached, marls and 
limestones are found, and the river-waters are harder. Rivers draining areas 
in which the Carboniferous Limestone, the Permian Rocks, and New Red 
Sandstone occur, also yield, as a general rule, somewhat hard water, while 
river-waters derived from the Lias, Oolitic and Cretaceous Rocks are of 
necessity hard, because Limestone or Chalk as the case may be are so abun- 
dant in these formations. 

In draining areas of the various geological strata, rivers carry down an 
enormous amount of mineral and vegetable matter, which is finally dis- 
charged into the sea. 

For this reason, river-beds, except possibly near the spring-head, are in 
general “alluvial” in nature, 7.e. representative of many geological formations. 
The mineralogical constitution of a river-bed depends to a large extent on the 
adjacent geological strata and on those drained by the tributaries of the river, 
and at different times may be thus liable to considerable variation. Even if 
the actual m'neral constituents in certain cases do not vary much, the physical 
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and mechanical factors, 7.e. size and form of particles or texture, would vary 
and these also would be expected to affect the rate of the chemical and 
biological processes going on in the river-bed, owing to variations in the 
degree of aeration. 

In the Chalk country, for example, the river-beds will tend to consist of 
fine-grained calcareous loams or marls, in the Lower Greensand formations 
these will be replaced by sandy loams, often of coarse texture, sometimes also 
by peaty loams and fine gravel; again, in the case of a stream from the Lower 
Greensand formations running over the Atherfield Clay, we should expect to 
find the clay converted into a sandy clay owing to admixture with the sandy 
detritus from the Hythe beds. Calcareous, glauconitic and cherty matter 
might also be found, derived from the Bargate beds, Glauconitic Sandstones, 
and Chert beds present in the Lower Greensand formation. 

There are thus reasons for anticipating that the processes of oxidation of 
organic and possibly inorganic matter may depend on the quality of the river- 
water into which it is discharged. 

The question is not only of interest to geologists, but is also of importance 
from the point of view of practical sewage disposal, as, if the oxidation of 
sewage constituents varies perceptibly in different river-waters, it will be 
necessary in drawing up new plans for sewage purification to consider the 
nature of the river into which the effluent is to drain before a standard of 
purification can be selected. 

During the last two years therefore many comparisons of the rates of 
oxidation in different river-waters of the constituents of sewage or sewage- 
effluents have been made, and the results of this investigation are given in the 
present paper. The comparisons have been made by determining the dis- 
solved oxygen absorbed by sewage or sewage effluents when diluted with the 
various river-waters. 

Further experiments supplementary to those described in the previous 
paper [Cooper, 1918] and comparing the rates of oxidation in the presence of 
distilled water, various tap-waters and river-waters have also been made. 

In addition, some questions of technique bearing on the work and also of 
importance in the standardisation of effluents are discussed. 

The general geological aspect of this work has been studied by the late 
A. E. C. who unfortunately died in the course of the investigation. In addition, 
he had proposed to study the mineralogical constitution of the river-beds and 
to correlate the results with those obtained relating to the processes of oxida- 
tion, but this part of the work had only been commenced just before his 
untimely death and is necessarily not far advanced. His help and enthusiasm 
in scientific work have been greatly missed. The copious notes on the subject 
left by him have however been carefully read through, and suitable selections 
have been incorporated in this paper. 

The chemical work has been carried out by E. A. C. and J. A. H. at the 
Hygienic Laboratory, School of Army Sanitation, Aldershot Command. 
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1. THE ESTIMATION OF DISSOLVED OXYGEN IN RIVER-WATERS AND 
DILUTED SEWAGE EFFLUENTS. 


The method used for the determination of the dissolved oxygen content 
was that of Winkler, with the Rideal-Stewart modification [ Roy. Comm. 1913, 
p- 93]. 

By this method it was found that aerated distilled water and tap-waters 
contained 0-93 parts of oxygen per 100,000 at 18-3° C. or 65° F. This is the 
correct figure according to Roscoe and Lunt’s tables [1889]. 

It was found however that in the case of aerated clean river-waters the 
oxygen concentration was often somewhat lower, e.g. 0-80 to 0-90, while 
aerated polluted river-waters, and sewage effluents diluted five times with 
river-water often only contained about 0-80 parts, sometimes, in fact, only 
0-70 parts of oxygen per 100,000. As a general rule bad effluents yielded lower 
results for oxygen concentrations after aeration than good ones, but this was 
not always the case. 

With bad effluents it would not matter whether these low figures were due 
to experimental error or were realities, as the results would always condemn 
the effluents. In the case of good or fairly good effluents, the question is of 
great importance, as is shown by the following examples: 


Sewage Effluents. 


Dissolved oxygen absorption 
in five days at 18-3° C. 
Parts per 100,000 
$l 
Assuming the oxygen Assuming true oxygen 


Initial oxygen concentration concentrations concentration 
after full aeration are correct is 0-93 
1. Effluents 1-5 dilution: 
Le 0-78 0-50 1-15 
2. 0-83 0-85 1-25 
Canal-water receiving effluent: 
0-91 0-28 0-30 
2. Effluents 1-5 dilution: 
Lie 0-74 0-20 0-85 
2. 0-77 0-60 1-10 
Stream-water receiving effluent: 
0-86 0-11 0-18 


In the case of good effluents therefore it makes a very considerable differ- 
ence whether the initial concentration is in reality 0-93 or is the lower figure 
actually found by experiment. 

Both in the routine standardisation of effluents and the carrying out of the 
investigation on self-purification of rivers it was therefore essential first of all 
to go into this question of technique. 

The low results could be due to at least three factors: 

1. The presence of a substance or substances in sewages diminishing the 
solubility of oxygen in water (in which case the low results would be realities). 
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2. The presence of oxidisable substances, using up dissolved oxygen or 
manganese peroxide in the course of the process of estimation. 

3. The presence of substances reacting with iodine in the course of the 
final titration with thiosulphate. 

In the latter two cases the actual results obtained for the oxygen concen- 
tration are erroneous. 

It was thought possible that the ne chloride present in sewage 
effluents roughly to the extent of 12 parts chlorine per 100,000 was the cause 
of the low results. In a sewage efHuent diluted 1-5 with stream-water this 
would yield a chloride concentration of about four parts chlorine per 100,000. 
Jxperiments showed however that this concentration of sodium chloride had 
no effect on the solubility of oxygen in water. 

The possible influence of organic matter was then considered. Peptone was 
dissolved in boiled distilled water just before full aeration and the dissolved 
oxygen figure of the solution compared with the normal figure at 18-3° C., 
obtained under the same conditions for distilled water itself. The amount of 
peptone to be added was judged from the organic nitrogen figure of a fairly 
bad effluent and amounted to 0-30 g. per litre. 

The results obtained were as follows: 


Distilled water alone... x ob5 0-94 0:87) Dissolved oxygen, 
Distilled water + 0:3 g. Periene per litre 0-70 0:70) parts per 100,000 
It is seen that much lower results were obtained with the peptone solution. 
Peptone, and also tank-liquor were next added at various stages of the dis- 
solved oxygen test in order to attempt to ascertain the nature of the inter- 
ference. The results were as follows: 


Dissolved oxygen concentration of boiled distilled water after full aeration 


at 18-3° C. 

1. Distilled water alone (control)  ... 0-97 1. Distilled water alone (control) ... 0-92 

0-3 g. peptone per litre added before 2. One-fifth vol. tank-liquor added be- 
aeration ... . 0-88 fore aeration $00 “ce oo- 10:80 

3. 0-3. peptone per iii ddd im- 3. One-fifth vol. tank-liquor added 
retinal after aeration . eee e020 immediately after aeration bec OE? 

4. 0-3 g. peptone per litre added before 4. One-fifth vol. tank-liquor added be- 

precipitation of the manganese fore precipitation of manganese 
peroxide ... was O90 peroxide ... 0:75 

5. 0-3 g. peptone per litre added sit 5. One-fifth vol. tank- tignor wiidedpune 
before the peroxide was dissolved before solution of peroxide in HCl 0-91 

by addition of the HCl ... SOLOS 6. One-fifth vol. tank-liquor added 
6. 9-3 g. peptone per litre added after after addition of the acid zon 70204: 

addition of the acid wee soon (Oe 7. Tank-liquor alone unaerated con- 


tained no dissolved oxygen 


It is seen that the organic matter or other constituents of sewage can affect 
the results at all stages of the process. The low results do not appear to be due 
to diminished solubility of oxygen, as the organic matter, etc., exerts its 
influence after aeration and bottling of the water, and even when added 
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immediately before the precipitation of the oxygen as peroxide of manganese 
(probably through decomposition of the latter). It can also affect the titration 
of the iodine with thiosulphate, probably by reacting quickly with some of the 
iodine. 
The latter point is further illustrated by the following additional results: 
Oxygen con- 


centration of 
distilled water 


at 18:3° C. 
Distilled water alone ... ss Se 506 Nal zs atic 0-90 
With addition of tank-liquor just before titration of liberated iodine with 
thiosulphate BOC ne si eee re sae st 56 0-84 


Further experiment also showed that, if a diluted sewage effluent were 
aerated and allowed to stand for a short time before estimation of the dis- 
solved oxygen, there was also a marked fall in oxygen concentration: 


Immediately after Standing 40 mins. 
aeration after aeration 
Oxygen concentration 0-86 0-66 
” ” 0:88 0-79 


Such rapid loss of oxygen must probably be due to chemical oxidation of 
certain substances, e.g. ferrous sulphide and organic matter, and points to this 
factor as one cause of the low results obtained in estimating the dissolved 
oxygen content of sewage effluents. 

The presence of suspended matter in sewage effluents on the other hand 
seemed to have only a slight effect on the dissolved oxygen figure: 


Parts per 100,000 


Unfiltered aoe ate 0-84 0-85 
Filtered a6 ae 0-87 0-84 


From these results it would appear that the low results obtained in esti- 
mating the dissolved oxygen content of aerated sewage effluents are due to: 

1. Rapid oxidation of certain constituents during the estimation. 

2. Decomposition of a portion of the manganese peroxide by organic 
matter. 

3. Loss of iodine in the final thiosulphate titration due to reaction with 
constituents of sewage. 

Attempts were next made to destroy the constituents of effluents causing 
the interference by (1) doubling the amount, and (2) doubling the time of 
action of the permanganate used in the Rideal-Stewart modification of 
Winkler’s dissolved oxygen test. The permanganate is primarily used to 
destroy nitrites, which also interfere with the test, but it was thought that it 
might also be serviceable in destroying the other interfering substances if 
sufficient concentration or time were allowed. 

Satisfactory results were sometimes but not always obtained when the 
amount of permanganate was doubled: 
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Oxygen concentration. Parts per 100,000. 


Usual amount of Double 
permanganate amount 


0-87 0-98 
0-88 0-94 
0-8] 0-81 
0-71 0:77 
0:70 O81 
0-82 0-82 
0-88 0-90 
0:83 0-91 
0:86 0-83 
0-88 0-93 
0-88 0-935 
0-85 0-90 


Doubling the time, ¢.e. allowing 40 mins. instead of 20 mins., also did not 
give good results: 


Usual time Double time 
0:83 0-86 
0-85 0-84 
0-80 0-91 
0:74 0:78 


There thus seemed to be no simple method of preventing the low results 
obtained in estimating the oxygen content of sewage effluents. 

Experiments were therefore carried out to ascertain if the error still 
existed after incubation of the diluted effluent at 18-3° C. as carried out in the 
Rideal-Stewart or dissolved oxygen absorption test. If the interfering sub- 
stances were largely oxidised or otherwise destroyed during the incubation, 
there would obviously be a large error in the initial oxygen estimation, but 
little or none in the final estimation after five days. In this case, the results 
for the dissolved oxygen figures of the effluents would be low and a consider- 
able error thus introduced in routine work. On the other hand, if the inter- 
fering substances were not appreciably destroyed, the error in estimation 
would be practically the same at the end of five days as at the commencement 
of the test, and would thus be neutralised, and sufficiently accurate results 
would be obtained for ordinary purposes. 

Experiments were therefore carried out to throw some light on this 
matter. Aerated diluted effluents were incubated in closed bottles at 18-3° C. 
and after five days or other suitable period the contents of the bottles were 
again reaerated strictly at the same temperature and the oxygen concentrations 
estimated and compared with the initial result. 

It is seen that as a general rule there was very little difference in the 
figures, and, thus, although low results are often obtained in the estimation 
of oxygen in sewage effluents, the error is neutralised and does not interfere 
with the utility of the dissolved oxygen test. 
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Initial oxygen Oxygen concentration after 


concentration incubation and aeration 
at 18-3° C. at 18-3° C. 
Parts per 100,000 

——— SN 
0-91 0-90 (5 days) 
0-90 290) KCB ts!) 
0-87 0:88) (5: ., ) 
0-86 0-85 (5 ,, ) 
0-83 0-82 (24 hours) 
0-80 0-80 (3 days) 
0-80 Otcses ise sn 4) 
0-88 0-82 (24 hours) 
0:88 0:86 (7 days) 
0-88 0-90 (5 weeks) 
0-87 0-86 (5 days) 
0:73 0:73 (4 weeks) 
0-85 0:94 (4, ) 
0-84 0-87 (5 days) 
0-80 0-83 (2 ,, ) 


2. THE EFFECT OF TEMPERATURE ON THE DISSOLVED OXYGEN ABSORPTION 
FIGURES OF EFFLUENTS. 


Reference has already been made to the experimental work of the Sewage 
Commission, showing that the oxidation processes were considerably acceler- 
ated by rise in temperature from 18-3° to 22° or 24°C., on account of which 
it was considered essential to carry out the dissolved oxygen absorption test 
rigidly at 18-3°, the average maximum temperature of rivers in this country. 

Some further experiments have been made on the question of the influence 
of temperature, and are summarised below: 


Dissolved oxygen absorption figures for effluents. 
Parts per 100,000, five days. 


ae ~ 
10° C. 18-3° C. 22°C. 37° C. 
1-10 1-75 — —- 
1:20 2-45 —- — 
0-30 0-60 — — 
— 0-65 2-10 — 
— 9-80 9-70 9-6 
— 11-30 11-10 11-00 


(In all these experiments the initial aerations were carried out strictly at 
the particular temperatures selected.) 

It is seen that in one case out of three a very much higher result was 
obtained at 22° than at 18-3°, while in the two other cases at temperatures of 
18-3°, 22°, 37°, no differences were observed. At 10° however the oxidation 
processes went on very much more slowly than at 18-3°, and the results 
emphasise the necessity of carrying out the test under strictly standardised 
conditions. For routine work the standard temperature of 18-3° C. recom- 
mended by the Commission has been used. 
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The figures tabulated above are also of interest from the point of view of 
the general question of river purification, as they tend to show that sewage 
will have a considerably less polluting effect in the winter months than during 
the summer, while it will not necessarily cause a greater pollution in rivers in 
tropical countries than in temperate regions. 


3. THE EFFECT OF TIME ON THE DISSOLVED OXYGEN ABSORPTION TEST. 


The period of five days was recommended by the Commission for this test 
| Roy. Comm. 1913, p. 78], as it was suspected that unreliable results were 
obtained if shorter periods were employed, owing to the possibility of a bac- 
terial lag, and a greater influence due to the presence of inhibitory substances 
in the sewage. The value of the test, however, would be considerably enhanced, 
if a shorter period than five days would be sufficient. It was therefore con- 
sidered advisable to carry out more experiments on this point, and the results 
are tabulated below: 


Dissolved oxygen absorbed at 18-3° C. 


48 hours 5 days Ratio 
l. Effluent see ae 0-14 0:30 1:2 
Stream above effluent 0-007 0-014 1:2 
Stream below effluent 0-02 0-11 15 

2. Effluent ee ane 0:70 1:00 1:1-4 

Stream above at 0-04 0:10 Lopes 

3. Primary effluent... 1-70 3-00 Ih uls7/ 
4. Effluent as ook 0-12 0:95 1:8 
Stream above ae. 0:12 0-13 1:1 
5. Effluent wee ae 2°35 All O absorbed eee 
6. Effluents1 ... oe 0:10 0-80 1:8 
oe 2 Fie Ae 0-00 1-45 1:0 

Stream above Ace 0-16 0:29 1:1:8 
7. Effluents1 ... Son 0-00 0:70 1: 

a ae Ses 0-18 >3-45 1319 
Pr Sinese tse 0:16 0:75 1:4-7 
AD fies aS tee 0:46 >3-40 7-4 

River above... ae 0-11 0:23 1:2 

8. Effluents eee sae 0-80 0:65 1:08 

55 wee fee 1-20 1:55 if 11083 
Stream sas abe 0:08 0-26 1tg33 


The Commission found that the five days’ test gave a very useful idea of 
the polluting effect of an effluent [Roy. Comm. 1913, p. 63], and it was thought 
that if a fairly definite ratio between the two and five days’ tests could be ob- 
tained, it would be possible to use the two days’ test as a standard. The above 
results however show that this is not the case, as even very bad effluents may 
give little or no indication of oxygen absorption in two days. 


SELF-PURIFICATION OF RIVERS 355 


Further experiments using a stronger concentration of effluent, ¢.e. 1:1 
dilution with river-water, were next carried out. The results are as follows: 


48 hours 5 days Ratio 

1. Effluent ee ue 0-15 1-40 1:9 
2: x oy oes 0-56 0:90 1:16 
Stream above ae 0-09 0-15 1 ie IG | 
3. Effluentl ... wee 0-52 0-65 i Rela ie 
Pee eee ine 0-96 1:55 1:16 
Stream oe ae 0-08 0-26 le23:2 


Even with the increased concentration it is seen there is considerable 
variation in the ratio, and at the present time there is no alternative but to 
employ the longer period of five days. 

It was thought that it might be possible to accelerate the processes by 
means of a catalyst, and in this connection the effect of manganese salts has 
been studied. Small amounts of manganese chloride were added to diluted 
sewage effluents, the dissolved oxygen contents estimated at the end of two 
days, and the results compared: 


Dissolved oxygen absorbed in 2 days. 
Parts per 100,000 


Effluent without MnCl, 0-65 
» plus 0-1% MnCl, 0-02 
Ps plus 0-025 °% MnCl, 0-03 


The addition of the manganese salt thus considerably inhibited the 
absorption of the dissolved oxygen. Further experiments with other catalytic 
substances are desirable. 


4, THE INFLUENCE OF DILUTION. 


The Commission [ Roy. Comm. 1913, p. 80] carried out some experiments 
bearing on the question of the effect of dilution on the rate of dissolved oxygen 
absorption by sewage effluents, and found that dilution up to 1 in 3 with tap- 
water had very little effect. It was thought desirable to carry out some more 
experiments, and the results are illustrated by the following figures: 


Dissolved oxygen absorbed by effluent. 


Dilution Parts per 100,000 
lin 2 0-52 0-96 
lin 5 0-80 1-20 


It is seen that the oxygen absorption is slightly increased by increasing the 
dilution 23 times. Increasing the dilution from 1 in 5 to 1 in 20 had practically 
no influence at all, and dilution would thus seem to be not such an important 
factor as would be expected. 


5, 'THE POSSIBLE INFLUENCE OF INHIBITION FACTORS. 
The possible influence of certain constituents, e.g. lime, in sewage in 
inhibiting the absorption of dissolved oxygen was realised by the Commission 
[Roy. Comm. 1913, p. 84]. It was considered quite likely that the dissolved 
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oxygen test might for this reason under certain conditions give false and low 
results, especially if the two days’ test was used instead of the five days’ test. 
The possibility of ammonia acting as inhibitory agent does not however appear 
to be discussed. It has been noticed frequently in routine work that an effluent 
containing as much as 10 parts per 100,000 of ammoniacal nitrogen might 
yield a dissolved oxygen absorption figure of only about 1-0 and would thus 
be classified as a satisfactory effluent. Experiments have been therefore 
carried out to ascertain whether ammonia in such concentrations has any 
inhibitory action. Ammonium carbonate was used for this purpose: 


Dissolved oxy- 
gen absorbed 


Diluting medium by an effluent 
135 in 5 days 
Distilled water ae oe A sc 4ie8 oo Stk aa ase 13-0 
9 containing amm. carb. equivalent to 2-5 parts amm. N per 100,000 13:4 
+, Me a 55 “5 5-0 > £ + 13-4 
” ” » 9» ~ 10-0 ap 7" 3 12-6 
” ” ” 9 oS 20-0 + 55 “p 12-2 
” ” > ” ry 45-0 ” ” ry 11-2 : 


It is seen that ammonia in concentrations such as occur in sewage effluents 
had no perceptible influence on the rate of oxygen absorption. Much larger 
concentrations in fact had only a small effect. 


6. A COMPARISON OF THE CAPACITIES FOR SELF-PURIFICATION OF 
DIFFERENT RIVER-WATERS. 


This comparison has been made by measuring the rate of oxidation of the 
constituents of sewage effluents or unpolluted river-muds in the presence of 
various river-waters. The sewage effluents were diluted with the river-waters, 
and the mixtures incubated at 18-3° C. usually for five days as in the dissolved 
oxygen absorption test. The amount of oxygen absorbed by the diluted 
sewage and also by the unpolluted river-water itself being thus determined by 
Winkler’s process, the dissolved oxygen absorption due to the sewage or 
effluent could be ascertained by difference!. The experiments with the muds 
were similarly carried out. 

The geological source and nature of the river-bed has been investigated in 
the case of each river, and the conditions have been correlated with the results 
of the oxidation experiments. The results are set forth in the following table. 
Unless otherwise stated, the temperature of the incubation was 18-3°, dilution 
of effluent 1:5, and period of incubation five days. 


1 In the case of tank-effluents, the amounts used were so small and the dilution thus was so 
great that the actual absorption of dissolved oxygen by the river-water itself was not required, 
because the small amount of sewage did not affect the estimation of oxygen, and the absorption 
of oxygen by the tank-effluent could be determined by taking the difference between the oxygen 
concentrations of the river-water, and river-water + effluent at the end of the period of incubation. 
This was also the case in the experiments with muds, as before titration the supernatant water 
was syphoned off from the layer of mud into another stoppered bottle. 
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Comparison of rate of oxidation in river-waters. 
River (1) River (2) 
. fe a ae . a a oS 
Dissolved oxygen absorbed, Dissolved oxygen absorbed, 
parts per 100,000, by parts per 100,000, b 
z \ $< — d 
Effluent Character of Effluent Character of 
when di- River- river-bed at when di- River- river-bed at 
luted with water point of luted with water point of 
Material used this water alone sampling this water alone sampling 


(a) 1. From Gravel and Upper Bagshot Sands. 


2. From same beds but after river has subsequently run over, first Bracklesham beds, Lower 


Bagshot and finally London Clay for a considerable distance. 


Land-effluent 1-35 0-19 Graveland sand 1-70 0-02 
” 0-55 0-19 ” 1-85 0-02 

= 0-00 0-19 5 0-95 0-02 

£ 2:61 0:00 a 2-19 0-11 

pA 2-68 0-00 3 2-05 0-11 

as 0-94 0-00 33 0-67 0-11 

be 1-04. 0-00 Pr 0-68 0-11 
ee 1-05 0-09 = 0-95 0-19 

- 0-60 0-09 5 0-55 0-19 
1-05 0-18 a 1-60 0-23 

= 1-20 0-08 5 1:10 0-53 

72 0-65 0-00 a 1-15 0-22 

- 0-80 0-04 ie 0:65 0-13 

Pa 1-60 0-04 = 0-45 0:13 

Tank-effluent $ 36-25) 
(dilution 1in50) 2days 13-75 —_— ss aed 

4! 1 ee 6-50 — ss 11-10 = 

ie ae 13-75 — S 14:75 — 

53 19 es 17-00 — 35 16-00 oo 

a Ly 33 4:00 -— = 6-00 —- 

ss Digs 9-00 a= as 13-40 _ 

a Dy 56 10-50 — a 15-20 oa 

Pe pe 23-50 — ze 21-70 _ 

a ot iss 28-50 — a3 14-50 —- 

Fe 4 ,, 34:50 — : 24:50 ~- 

River-mud 

(dilution 1 in 100) 63-3 -— a 70-00 — 
- 65-0 — 3 58-30 —- 


(6) 1. From Gravel and Upper Bagshot Sands. 
2. From same beds but mixed with river-water from Bracklesham beds. 


Land-effluent 0:35 6-13 Graveland sand 1-05 0-24 
3 0-65 0-15 35 0-00 0-27 
Tank-effluent 
(dilution 1in 50) 2days 22-25 -- 10-75 — 
- De gy 26-00 _ Fe 17-15 — 
= ro ie 10-75 — Fr 11-62 —_ 
Be Ae -: 14-25 — es 17-00 — 
Glauconitic mud from 
river in Bracklesham 
beds (dilution 1in 100) 63-30 — 5 55-80 — 
a 65-00 -- nf 53-70 — 
Land-effluent 0-65 0-09 = 0:00 0-11 
5s 0-50 0-06 0-60 0-17 
(c) 1. From Gravel and Upper Bagshot Sands. 
2. From Lower Bagshot, subsequently running over London Clay. 
Effluent 1-95 0-11 Graveland sand 3°35 0-17 
i 0-18 0-03 35 1:35 0-22 


Clay 


Sand and clay 


”” 


Green (Glau- 
conitic) clay 
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Comparison of rate of oxidation in river-waters. 


Dissolved oxygen absorbed, Dissolved oxygen absorbed, 
parts per 100,000, by parts per 100,000, by 
Effluent ate Character of Effluent oe Character of 
diluted River- river-bed at diluted River- river-bed at 
with this water point of with this water point of 
Material used water alone sampling water alone sampling 
(d) 1. From Folkestone beds. 2. From Hythe beds. 
Land-effluent 1-35 0-09 Sand 0-85 0-21 Sand 
" 1:35 0-13 fs 0:95 0-18 x 
+ >3:75 0-12 a 1-90 0:30 Es 
t 1-70 0-12 $s 1-10 0:30 7 
4 0:50 0-08 hs 0:30 0:20 z 
x 0-65 0:28 ee 1-15 0-29 By: 
a 0-65 0:28 5: 0:55 0-26 A 
x, 0-65 0:38 - 1-40 0:33 af 
a 0-90 0:38 5 1-40 0:33 a 
5 0-90 0-16 Ke 1-85 0-23 fa 
eg sto ne (41-25 
(dilution 1in50) Iday 38-5 - y 1425 \ — 9s 
| aes 40-0 — $3 45-5 —- a 
De ass 14:0 — oS 30-50 — 5 
st At Bo 15-0 —- 3 30-50 — As 
Ss ee. 28°75 — s 28-50 _- aA 
41-30 
” 2 te \eece ” 44°] a 39 
= ys 27-25 — Pa 11-65 — : 35 
os Dees 38-00 — % 18-00 =— aS 
(e) 1. From Folkestone beds. 2. From Folkestone beds, 
subsequently running over 
Sandgate beds. 
Land-effluent 1-70 0:12 Sand 2-66 0-11 Sand 
5 1-55 0-12 3, 1-90 0-11 F 
= 1-15 0-09 5S 0-90 0-15 55 
Tank-effluent 
(dilution 1 in 50) 1 day 9-50 — 59 12-50 — BA 
ud 2 ss 11-50 — oD 23-50 = ” 
is i = 9-54 — 3D 8-92 = ” 
i Sees 16-40 — sp 17:75 _— 3 
J o) Ss 18-30 — $5 21-60 = a5 
os PA eS 11-75 -- > 11-90 — x3 
Bs Sass 16-50 = A 11-75 — — 
(f) 1. Gravel and Upper Bagshot Sands. 2. Lower Greensand. 
Land-effluent 1-00 — Gravelandsand 0-45 a Sand 
Bs 1:90 — aA 1:20 = ” 


(Folkestone beds) 
Stream-mud (from Hythe 
bed stream) (dilution 


1 in 60) 23-00 _— an 31-25 — _ 

9 34:00 _ i 33-00 = if 
(Hythe beds) 

Land-effluent 1:80 0:03 55 1:95 0-28 a 
(Hythe beds) 

& 2-25 0-08 55 2-40 0-21 ss 

(Folkestone beds) 
3 0:50 0-13 BS 0-70 0-17 55 


(Hythe beds) 
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Comparison of rate of oxidation in river-waters. 


(g) From Gravel, Sand, and Clay, and from the Chalk. 


Material used 


Land-effluent 


> 


Tank-effluent 1 day 
(dilution 1 in 50) 
33 2 9° 
s9 3 29 
Tank-effluent 
(dilution 1 in 50) 1 day 
2 ” 
3° 3 be 


FKilter-effluent 


Tank-effluent 
(dilution 1in 50) 1 day 
2 3” 


29 3 ”° 


Filter-effluent 


Effluent 


Dissolved oxygen absorbed, 
parts per 100,000, by 


es 
Effluent Character of 
diluted River- river-bed at 
with the water point of 

river-water alone sampling 


River-water from Lower Bagshot 
Clay, subsequently running over 
London Clay. 

1:15 0-23 Clay 
0:90 0-23 is 


River-water from Lower Chalk. 


2-60 0:09 Marly loam and 


calcareous gravel 


River-water from Gravel and Up- 
per Bagshot Sands. 


24-9 — Gravel and sand 
34-4 = ” 
40-0 = ” 


River-water from Gravel and Up- 
per Bagshot Sands, subsequent- 
ly running over Bracklesham 
beds, Lower Bagshots and Lon- 
don Clay. 


11-40 _ Clay 
9-50 — s 
10-60 [<7 ” 


River-water from Lower Bagshot 
subsequently running over Lon- 
don Clay. 


1:35 0:22 Clay 
River-water from Gravel and Up- 


per Bagshot Sands. 
0-18 0:03 Gravel and sand 


River-water from Gravel and Up- 
per Bagshot Sands. 


9-50 — Gravel and sand 
11-25 =— 2° 
16°75 = ” 
River-water from Folkestone beds 
subsequently running over 
Sandgate beds. 
11-40 0-16 Sand 


River-water from Sandgate beds, 
Lower Greensand. 


0:80 0-04 Sand 


Dissolved oxygen absorbed, 
parts per 100,000, by 


—— 
Effluent Character of 
diluted River- river-bed at 
withthe water point of 
river-water alone sampling 


River-water from Chalk subse- 
quently running over Wool- 
wich and Reading beds. 


1:70 0:06 Calcareous gravel 
0-80 0-06 2” 
River-water from Folkestone beds 
subsequently running over 
Sandgate beds. 
1:45 0-19 Sand 


River-water from Chalk subse- 
quently running over Wool- 
wich and Reading beds. 


32-0 — 


Calcareous gravel 


41-3 = ” 
45:7 —_ ” 
River-water from Chalk subse- 


quently running through Wool- 
wich and Reading beds. 


6-00 —  Calcareous gravel 
8-80 — 55 
3-20 — i 


River-water from Chalk subse- 
quently running over Woolwich 
and Reading beds (3 different 


rivers). 
1:15 0-05 Calcareous gravel 
0:75 0-02 x 
1:08 0-11 ” 


River-water from Lower Chalk, 
Upper Greensand and Gault 
subsequently running over 
Folkestone beds. 


10-25 — (Clay 

19-87 —- 3 

22-70 — s 

River-water from Lower Chalk, 
Upper Greensand and Gault 


subsequently running over 
Folkestone beds. 


985 O-11 Clay 
River-water from Lower Chalk 
and Upper Greensand. 


0-45 0-00 
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A survey of the tabulated results shows that very considerable differences 
exist in the rate of oxidation of the constituents of sewage effluents in different 
river-waters of different geological source. There is however a marked incon- 
sistency in the results, so that it is not yet possible to draw any definite con- 
clusions as to the influence of geological source on the oxidation processes in 
river-waters. This inconsistency may be expected, as the conditions, 7.e. the 
chemical composition and bacterial population of sewage are subject to very 
ereat variation, and thus in each experiment new factors may be introduced. 

The results so far obtained may be summarised thus: 

Although in the case of nearly all the river-waters used for comparisons, 
close agreement in the rates of oxidation was sometimes observed, yet marked 
differences were frequently found. 


Oxidation proceeded more slowly or more quickly in: 


1. River-water from the Gravel and Upper Bagshot Sands than in river- 
water derived from the same source but subsequently running over successively 
the Bracklesham beds, Lower Bagshot Sands, and London Clay. 


2. River-water from the Gravel and Upper Bagshot Sands than in river- 
water from the same beds, but mixed with river-water from the Bracklesham 


beds. 


3. River-water from the Folkestone beds than in river-water from the 
Hythe beds. 


4. River-water from the Folkestone beds than in river-water derived from 
the same beds but subsequently running over the Sandgate beds. 


5. River-water from the Gravel and Upper Bagshot Sands than in river- 
water from the Lower Greensand strata. 


6. River-water from Gravel, Sand, and Clay than in river-water from the 
Chalk. 


7. Oxidation proceeded more slowly in river-water from the Gravel and 
Upper Bagshot Sands than in river-water from the Lower Bagshot Sands and 
London Clay. 


A considerable amount of work has yet to be done in order to interpret 
these variable results. They indicate however the importance of always 
strictly using the particular river-water into which an effluent is discharged 
for dilution of the effluent in Winkler’s dissolved oxygen absorption test. 
This rule should always be adhered to, unless it can be conclusively shown by 
a long series of experiments that any other river-water, which happens to be 
more convenient for use, gives results in close agreement. 

No work seems to have been carried out previously on the deoxygenating 
action of the muds of unpolluted rivers. The experiments described in this 
paper show that such river muds can absorb from 12 to 70 parts per 100,000 
of oxygen from river-waters in five days at 18-3° C. 
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Further observations are given below: 


Character of mud 


From clean bed of stream formed by spring-water from Hythe 


Dissolved oxygen 


Supernatant absorbed. 


water used Parts per 100,000 
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beds thrown out by Atherfield ak Stream water 6-00 
From stream in Folkestone beds F Distilled water 16-00 
From river in Sandgate beds 40-00 
From river in London Clay River- water 44-00 


It is seen that unpolluted river- ae Aes very considerable amounts of 
dissolved oxygen, and their potential deoxygenating effect is In every case 
much greater than that of a sewage effluent of fair quality (2 parts per 
100,000). As a general rule however muds of unpolluted rivers will have 
actually less deoxygenating effect than sewage effluents, because the volume of 
the superficial deoxygenating layer of mud relative to that of the river is small. 


7. COMPARISON OF THE DISSOLVED OXYGEN ABSORPTION OF SEWAGE 
EFFLUENTS WHEN DILUTED WITH VARIOUS RIVER- AND TAP-WATERS. 

In a previous communication [Cooper, 1918] it was shown that the dissolved 
oxygen absorption figures of effluents were considerably lower when dilution 
was made with a hard tap-water from the Chalk than with distilled water or 
river-water taken from the river receiving the effluent. It was thought de- 
sirable to obtain more data bearing on this question and comparisons of the 
rates of oxidation in the presence of: 1. River-water above the outfalls. 
2. Tap-water at laboratory. 3. Local tap-water, i.e. water-supply running into 
sewerage. 

Some results on these lines have already been given in Section 6 of this 
paper, as the river-water from the Gravel and Upper Bagshot Sands happened 
to be derived from the same springs as yielded the laboratory tap-water and 
the results thus serve as comparisons of dissolved oxygen absorption in the 
presence of tap-water (Gravel and Upper Bagshots) and the river-waters. 

It is seen that the oxygen absorption often varied considerably and quite 
different results were obtained according as tap- or river-water was used for 
dilution. Further comparisons are made in the table on p. 362. 

It is seen that lower results were frequently obtained with the various hard 
calcareous waters, thus confirming the previous findings. This however was 
not invariably the case. 

The fact that hard waters do not always inhibit the oxidation processes is 
further brought out by the following experiments with river-muds and effluents: 


Dissolved oxygen absorption 
mud or effluent. 


Supernatant water Parts per 100,000 


1. Distilled water ee Ace ve eo Soc 16 
Hard water from Chalk ... ae Kets Ric 12 
Aue ix bee Bae 20 
2. Distilled water Me tte 40 
plus solid calcium ‘carbonate sob 39 
Hard water from Chalk... ee Aa Ben 30 
a. b. 

3 Effluent diluted with distilled water ee Per 1:20 0-90 

5 = re » plus Oolite 1:05 0:95 

a a ee », plus Barytes 0-90 0:75 


Bioch. xm 25 
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Dissolved oxygen absorption. Parts per 100,000 of effluent. 


Diluted with river-water 
receiving effluent 
if 36-25 
30-25 
(London Clay) 


bo 


0-55 


(London Clay) 


0-00 

(Gravel and Upper Bagshot 
Sands) 

23-0 

(Gravel and Upper Bagshot 
Sands) 
0-00 

(Bracklesham beds) 
0-90 
(Sandgate beds) 

0-30 


(Gravel and Upper Bagshot 
and Bracklesham beds) 
20-7 
23-75 
(Gravel and Upper Bagshots) 
3°35 
(London Clay) 


0-65 
(Bracklesham beds) 
1-90 

(London Clay) 


1:35 
(London Clay) 


Diluted with laboratory 
tap-water 
28-0 
23-0 
(Hard water from Chalk be- 
neath Tertiary formations) 


23-0 
(Hard water from Chalk be- 
neath Tertiary formations) 
0-65 
(Gravel and Upper Bagshots) 


19-5 
20°35 be 
(Gravel and Upper Bagshots) 
1-95 


(Gravel and Upper Bagshots) 


0-18 
(Gravel and Upper Bagshots) 


Diluted with local tap- 
water, 7.c. water-supply 
running into sewerage 


1-90 
(Hard water from Chalk be- 
neath Tertiary formations) 
7:75 
(Hard water from Chalk be- 
neath Tertiary formations) 


1-15 
(Hythe beds) 
0-35 
(Chalk beneath Tertiaries) 


2-80 
(Chalk beneath Tertiary for- 
mations) 
1-30 
(Tap-water from another local 
supply, water from Chalk 
at surface) 
0-45 
(Chalk beneath Tertiaries) 
1-05 
(Chalk beneath Tertiaries and 
river gravel) 
0-90 
(Chalk beneath Tertiaries and 
river gravel) 
1-05 
(Upper Chalk, another local 
supply) 


8. COMPARISON OF DISSOLVED OXYGEN ABSORPTION OF SEWAGE EFFLUENTS 
DILUTED WITH RIVER-WATER AND DISTILLED WATER. 


In the previous paper [Cooper, 1918] some evidence was offered showing 
that the dissolved oxygen absorption figures of sewage effluents were higher 
when distilled water was used for dilution than when river-water was em- 
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ployed. Since then many other experiments have been made and the results 
are recorded below: 


Dissolved oxygen absorption. Parts per 100,000 of effluent. 


Ile 2. 
Diluted with river-water Diluted with dis- 
receiving effluent tilled water 
0-0 (Gravel and Upper Bagshot Sands) 7-65 
23-00 3 35 15-50 
1-80 5s 3 1-50 
0-65 me > > 1-25 
1-10 35 33 55 0-95 
2-25 95 A = 2-40 
0-18 a3 2s a 1-30 
0-50 ~ ‘ us 0-85 
1-15 (London Clay) ws Ss =e 1-25 
1-35 : =r oe is 1:30 
2-05 bs ee Ae aie 2-00 
2:35 ig Ar? a ve 2-75 
0:80 (Sandgate beds—Lower Greensand) 0-45 
1-25 7 7 33 1-25 
1-95 (Hythe beds—Lower Greensand) ... 1-50 
0-70 == 5 53 oe 0:85 
1-40 (Folkestone beds—Lower Greensand) 1-40 
2-40 5 #3 3 2-40 
0-45 (Lower Chalk and Upper Greensand) 0-45, 
1-15 (Chalk and Tertiaries) ie aoe 1-30 
0-75 Pr is se 8 1-30 
1-08 53 ae i a 1-30 


The results show that there is sometimes close agreement in the two sets 
of figures, and in this case for practical purposes it makes no difference 
whether distilled or river-water is used. In many cases however there is a 
considerable discrepancy and oxidation may go on either more slowly or more 
quickly in river-water than in distilled water. In the case of water from the 
Gravel and Upper Bagshot Sands the inhibitory effect was often very marked, 
and was greater in fact than shown in the earlier results [Cooper, 1918]. 
Oxidation also proceeded more slowly in river-waters from the Chalk than in 
distilled water. 

River-water from the London Clay on the other hand as a rule had no 
perceptible inhibitory or accelerating effect on the oxidation processes. In 
one experiment however there was an appreciable inhibition. In the case of 
river-waters from the Lower Greensand (Sandgate, Folkestone, and Hythe beds) 
the results were variable. The earlier experiments [Cooper, 1918] pointed to 
a considerable inhibitory action, but in some of the further experiments 
described above oxidation proceeded either more rapidly in the river-waters 
or at the same rate approximately as in distilled water. 


25—2 
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9, COMPARISON OF DISSOLVED OXYGEN ABSORPTION OF SEWAGE EFEFLUENTS 
WHEN DILUTED WITH VARIOUS TAP-WATERS. 

In the previous communication it was shown that the constituents of 
sewage effluents oxidised about 5 to 20 times more rapidly in distilled water 
than in a hard tap-water, and about 25 per cent. faster in distilled than in 
tap-water from the Gravel and Upper Bagshot Sands. 

In the case of a highly ferruginous tap-water from the Folkestone beds 
there was an initial inhibition which however was no longer noticed when the 
iron was removed by oxidation and filtration. In the usual five days’ dissolved 
oxygen test, on the other hand, oxidation proceeded at the same rate in the 
tap-water (filtered or unfiltered) as in distilled water. 

Some further observations on the relative rate of oxidation in distilled 
water, hard tap-waters, and tap-water from the Gravel and Upper Bagshot 
Sands are given below: 


Dissolved oxygen absorbed in five days at 18-3° C. 


Dilution with 


Distilled Hard soit water from Gravel 

Material used water water and Upper Bagshot 
Primary filter-effluent 1-30 0-90 0-18 
» % 1-30 1-05 0-18 
” 33 = 2-80 1-95 
+ + — 1-30 1-95 
Tank-liquor — 7-75 0-00 
x — 23-00 23-00 
Land-effluent — 0:35 0-30 


Additional figures affording comparisons of oxidations in distilled water 
and tap-water from Gravel and Upper Bagshot Sands are given in Section 8, 
the river-water from these geological formations being derived from the same 
springs as supplied the tap-water. 

A survey of all the results shows that there is very great variation in the 
relative rate of oxidation of sewage constituents in distilled water and in the 
tap-waters (soft and hard). It is seen that both tap-waters frequently exercise 
a very considerable inhibitory effect on the rate of oxidation, and that the 
hard water may have either a greater or smaller inhibitory action than the 
soft water. In some cases however there is a fairly close agreement. The 
results point to the conclusion that the oxidation processes in the artificial 
methods of sewage purification must be considerably affected by the nature 
of the water-supply which mixes with the sewage, and also by that of 
surface-water gaining access to the drainage system. Owing to the great 
variations it is not possible to draw any helpful conclusions from the results 
of laboratory work in reference to this question, but it may be pointed out 
that the possibility of inhibitory action should always be borne in mind in 
framing new schemes for sewage purification, and arrangements should always 


be made to render it easily possible to extend the area of filtration, should 
difficulties be encountered. 
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10. THE OXYGEN ABSORBED FROM PERMANGANATE or ‘“‘ Trpy TEST.” 


The test is used extensively in the chemical examination of water supplies. 
It is also employed to a certain extent in the standardisation of sewage 
effluents, although the Sewage Commission [Roy. Comm. 1913, p. 74] has 
reported that it gives a less correct measure of the polluting effect of an effluent 
than the dissolved oxygen test. Some observations made-in the course of 
water analysis at first suggested that geological factors influenced the per- 
manganate test just as they had been found to affect the Winkler’s test. 
Thus, the loss in strength of the permanganate solution on incubation was 
occasionally found to be greater in the presence of distilled water than in 
presence of pure tap-waters (calcareous or soft water supplies). 


10 ce. N/80 potassium permanganate. 10 cc. 25 % sulphure acid. 
100 ce. water. Four hours at 37° C.4 


Titration with thiosulphate 


Immediate after 4 hrs incubation with Titration after 4 hrs incu- 
titration distilled water bation with pure tap-water 
12-4 ce. 11-2 ee. 11-8 ce. (hard water) 
15-0 13-2 13:8 eS 
15-4 15-0 15:3 (soft water) 


It would seem that certain constituents of the tap-water inhibit either the 
natural decomposition of the permanganate or the oxidation of some impurity 
present in it [Cooper and Heward, 1919]. Experiments were therefore next 
carried out to ascertain if the rate of oxidation of the constituents of 
sewage by permanganate were afiected by dilution with different tap-waters. 
For this purpose the Tidy Test was carried out in the usual way. 


10 ce. Tank Liquor (Sedimented Sewage). 10 cc. N/80 permanganate. 10 ce. 
25 % sulphuric acid. 90 cc. water. Four hours at 37°C, 


Oxygen absorbed by Tank Liquor from Permanganate. Parts per 100,000. 


Dilution with Dilution with Dilution with 
distilled water hard calcareous water soft peaty water 
3-10 3-00 3-50 
2-00 2-10 — 
7:25 7-40 — 
8-00 — 8-20 
3°70 — 2°33 


The results as a whole show that the permanganate test unlike the dis- 
solved oxygen test is not appreciably affected by the presence of a hard or 
soft water. It follows from this that the permanganate test gives a more 
correct measure of the actual amount of oxidisable matter present, and is thus 
of special value in water analysis. The dissolved oxygen test on the other 
hand determines the amount of oxidation that can go on under certain defined 
conditions, and thus measures, not the proportion of oxidisable matter present, 
but its actual deoxygenating or polluting effect on the diluting water. This 
test will thus be of special value in the standardisation of sewage effluents. 

1 37° C. was used as standard temperature as it was more convenient and as there was practi- 
cally no difference in the results obtained at 27° and 37°. 
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SUMMARY. 


1. Fully aerated sewage effluents and polluted river-waters may contain 
considerably less dissolved oxygen than distilled water under the same experi- 
mental conditions. The low results appear to be due to various factors, and 
cannot be prevented by any method so far employed. As, however, the oxygen 
content is still the same after incubation for five days and subsequent re- 
aeration, there seems to be no appreciable error involved in Winkler’s dis- 
solved oxygen absorption test (Rideal-Stewart modification). 

2. The oxidation of the constituents of sewage proceeds much more slowly 
at 10° C. than at the standard temperature of 18-3° C. usually employed. 

At temperatures of 22° C. and 37° C. oxidation may proceed either at the 
same rate as at 18-3° C. or sometimes faster. The results show the necessity of 
adhering strictly to a definite temperature in the dissolved oxygen absorption 
test. The temperature of 18-3° C. was recommended by the Sewage Com- 
mission, this being the maximum temperature of river-waters in this country. 

3. Attempts to shorten the five days’ dissolved oxygen absorption test to 
two days have not been successful, as owing to an initial lag most variable 
ratios between the two and five days’ tests are obtained. A bad effluent in fact 
may give very little indication of oxygen absorption in two days. 

4. Dilution appears to have comparatively little influence on the rate of 
oxidation of the constituents of sewage. 

5. Ammonia up to a concentration of 45 parts per 100,000 has also only 
a slight inhibitory effect on the rate of oxidation. 

6. Oxidation of sewage constituents may proceed at very considerably 
different rates in river-waters of different geological source. The results are 
however very variable, and it is not yet possible to draw any definite con- 
clusions as to the influence of geological factors upon the oxidation processes. 

While in the case of nearly all river-waters employed, close agreement in 
the results is sometimes observed, oxidation may be slower or oes: 

(i) In river-water from the Gravel and Upper Bagshot Sands than in 
river-water from the London Clay, Bracklesham beds, and Lower Greensand 
formation. 

(ii) In river-water from the Folkestone beds than in river-water from the 
Sandgate and Hythe beds. 

(iii) In river-water from Gravel, Sand, and Clay formations then in 
river-water from the Chalk. 

7. Mud from unpolluted rivers contains a considerable amount of oxidis- 

able matter and may have a deoxygenating effect upon the water from 3 to 35 
times as great as that of a good standard sewage effluent. The actual volume 
of the superficial deoxygenating mud relative to that of the supernatant water 
being small, however, muds from clean rivers will in general have less polluting 
effect than an effluent. 

8. Considerably lower or higher results in the dissolved oxygen absorption 
test may be obtained when tap-water from the Gravel and Upper Bagshot 
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Sands is used for dilution than when the river-water into which the effluent 
actually drains is employed. Sometimes however there is close agreement 
between the two sets of figures. 

9. Lower results are often obtained when hard calcareous tap-waters are 
used for dilution instead of the river-waters. Occasionally however the results 
are higher, while sometimes there is no appreciable difference noticed. 

10. There may sometimes be close agreement in the dissolved oxygen 
absorption figures of an effluent diluted respectively with river-water and 
distilled water. 

In many cases however, e.g. river-water from the Gravel and Upper 
Bagshot Sands, Lower Greensand, and Chalk, there is a considerable difference, 
and oxidation may go on more slowly or more rapidly in the river-water than 
in distilled water; the river-water thus having an inhibitory or acceleratinz 
action as the case may be. 

In the case of river-water from the Gravel and Upper Bagshot Sands, and 
the Chalk, the inhibitory action upon the processes of oxidation may be 
especially marked. 

11. The main conclusion to be drawn from the results summarised in 
6-10 is that in the standardisation of sewage effluents the river-water into 
which the effluent is actually discharged must be used for dilution in Winkler’s 
dissolved oxygen absorption test, unless it can be conclusively shown by 
several experiments that reliable results can be obtained by employing a more 
convenient diluting medium, e.g. another river-water, tap-water, or distilled 
water. 

12. It is very likely that the oxidation processes in artificial methods of 
sewage purification may be affected by the nature of the water-supply, and 
by surface water entering the drainage system. Both hard and soft tap-waters 
may exert a very considerable inhibitory action in laboratory experiments. 
It is recommended therefore that allowance for possible inhibitory factors 
be always made in preparing new schemes of sewage purification, so that 
additional filtering area can be subsequently added, if necessary, with the 
min'mum of trouble and expense. 

13. The oxidation by permanganate or Tidy Test, unlike the dissolved 
oxygen ab orption test, does not appear to be affected by the presence of 
waters of different geological source. 

A consideration of the facts leads to the conclusion that the permanganate 
test is more suitable for the chemical examination of water supplies, while 
the dissolved oxygen test.is more suitable for the standardisation of sewage 
effluents. 
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XXXV: ON THE DIGESTIBILITY, OF COCOA 
BUSTER. “PART a. 


By JOHN ADDYMAN GARDNER anp FRANCIS WILLIAM FOX. 


From the Physiological Laboratory, University of London. 
(Received September 21st, 1919.) 


THERE is a considerable literature dealing with the value of cocoa as a food, 
and a number of observers describe experiments, carried out both,on man and 
animals, to test the physiological utilisation of the fats and proteins contained 
in it. In spite of the fact that the fat is of high melting point, and is stated to 
be resistant to enzyme action in vitro, it appears, when cocoa itself is eaten, 
to be well absorbed and utilised. The proteins are on the whole less available, 
but in the majority of the experiments recorded they show a fairly satisfactory 
utilisation. . 

H. Cohn [1895] in experiments carried out upon himself found that over 
95 % of the fat was absorbed, but only about half the protein. R. O. Newmann 
[1906] in prolonged experiments got favourable results, and found that, when 
moderate quantities were used, the utilisation of the fat was about 90 %. 
Similar results were obtained by V. Gerlach [1907]. L. Pincussohn [1907], who 
added 35 g. of cocoa per day to the diet of a number of subjects, found that 
the fat absorption was very good, in some cases as high as 98 94. The protein 
absorption was, however, variable, ranging from 60 to 90 °%, but was best in 
preparations containing a low percentage of fat. N. Zuntz [1890] in the case 
of chocolate found that 95 °% of the fat was utilised. None of these observers 
noticed any ill-effects upon health as the result of taking for considerable 
periods quantities in excess of what would be consumed in ordinary life. 

Until recently there were comparatively few experiments recorded on the 
feeding of the actual fat contained in cocoa-beans, namely cocoa butter. 
Zuntz in the above-mentioned paper, in a very extensive series of observations, 
found that dogs fed with cocoa butter absorbed about 90 %, a utilisation very 
nearly as good as in the case of bacon fat. Langworthy and Holmes [1917] 
published a paper on the digestibility of some vegetable fats, and amongst 
these fats cocoa butter was included. These experiments were conducted by 
similar methods to those that were employed in a previous investigation [1913] 
on animal fats. A basal ration, supplying a minimum of fat, composed of 
wheat biscuits, oranges, sugar and tea, or coffee if desired, was supplemented 
by a blancmange or corn-starch pudding, in which was incorporated the 
vegetable fat under consideration. This diet was fed to normal young men, in 
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good health and moderately active, for periods of three days. Weighings were 
made of nett amounts of food eaten and faeces excreted, and samples of both 
food and faeces were analysed to determine the percentages of protein, fat and 
carbohydrate which were actually digested. 

The digestibilities, of olive joil, cotton seed oil, pea nut oil, coconut oil, 
sesame oil and cocoa butter were in this way compared. In 11 experiments 
using different amounts of cocoa butter, the average percentage utilisation 
was 89-6. The figures however were rather variable, running from 79-1 % to 
+) ae 

The fat-carrying blancmange was not relished in the cocoa butter experiments 
as it was in the case of the other fats, for the amount eaten was only enough 
to supply 51 g. of cocoa fat per man per day during the first eight experiments. 
This quantity did not cause any decided digestive disturbance so far as was 
noted. The subjects reported a “loss of appetite,” but in all other respects 
considered that their physical condition had been normal. In later tests the 
subjects were urged to eat more of the blancmange containing the cocoa 
butter. As a result of eating the larger quantities, an average of 109 g. per day, 
undesirable physiological derangements were experienced. The effects were 
so pronounced that one subject discontinued the diet at the end of the seventh 
meal. ‘Loss of appetite,” “headache,” “loss of ambition,” “nausea” and 
“sleeplessness” were conditions reported, which, the authors consider, 
indicate that cocoa butter in quantity had an effect not noted in the case of 
the other vegetable fats studied. Though the exact limit of tolerance was not 
determined, to judge by the experiments made in the laboratory, the maximum 
amount of cocoa butter that can be consumed daily without decidedly un- 
pleasant effects lies between 51 and 109 g. 

The digestibility of the carbohydrate and protein did not seem to be 
influenced by the digestibility of the fat. In the experiments in which large 
quantities of the fat were fed, the faeces contained comparatively large 
quantities of fat—in one experiment as much as 37 % of the dry weight. In 
this case they state that an odour suggesting that of cocoa butter could be 
clearly detected. 

This latter observation is however misleading, as a smell of cocoa is in our 
experience a normal constituent of the smell of all faeces. Dry faeces, after 
extraction with ether, retain this component of the smell in a marked degree, 
and it has nothing to do with the nature of the diet. 

Messrs Langworthy and Holmes give the following figures for the co- 
efficients of digestibility of the oils examined. In arriving at these numbers an 
allowance for metabolic products is introduced. 


Olive oil 97:8 
Cotton seed oil 97°8 
Pea nut oil 98:3 
Coconut oil 97-9 
Sesame oil 98-0 


Cocoa butter 94-9 


370 J. A. GARDNER AND F. W. FOX 


With regard to cocoa butter they conclude that in view of the unsatis- 
factory utilisation of this fat and the accompanying physiological disturb- 
ances, the advisability of the continued daily use of cocoa butter in large 
imounts would appear questionable. 


NATURE OF THE PRESENT INVESTIGATION, 


The object of the experiments detailed below was to arrive at an opinion 
as to whether cocoa butter could be utilised with economy as part of the fat 
supply of the population without detrimental results to health. 

In studying the digestibility of a single food, experience has shown that it 
is advisable to incorporate it in a simple mixed diet, since the ordinary 
individual is so accustomed to a mixed diet that, no matter how palatable a 
simple food may be at first, it soon becomes distasteful. It is also essential 
that the diet in question should be palatable, and we think it desirable that 
no constituent of the diet should be very largely in excess of the physiological 
balance. This was obviously not the case in the American experiments in 
which large quantities of cocoa butter were fed. The diets made use of by the 
sub-committee of the Royal Society in their experiments on the digestibility 
of breads made from different kinds of flour [1918] seemed very suitable for 
the purpose, and in order to save time it was decided to utilise the material 
accumulated in these experiments as controls. 


The Diets consumed. 


The details of the control diets have been published in the report by the 
Food (War) Committee of the Royal Society on the Digestibility of Breads 
[1918]. Approximately the daily diet consisted of 


Bread 800-1000 e. 
Minced meat HON. 
Butter 50s: 
Jam 100 ,, 
Milk 600 ce. 
Cheese 50 g. 
Sugar all) = 
Tea ad lib. 


In the tables in this paper the control diets, the fat content of which has 
~ not hitherto been published, are referred to as A, B, and C. In A the bread 
was made from 80 % milled flour, in B from 90 °% milled flour and in C from 
80 % milled flour mixed with 20 % maize. Almost the same diet was used in 
the cocoa butter experiments, substituting 50 2. of cocoa butter for the 50 g. 
of butter. The bread used in these latter experiments was the ordinary bread 
of the shops, and the daily ration was about 850 ¢. It was not possible to use 
the special breads of the control diets, but the results of the bread experiments 
warrant the assumption that the use of ordinary shop bread would have little 
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or no influence on the results. However, to obviate this as far as possible each 
subject was instructed to purchase his own bread. 

Probably the results are more strictly comparable with diet C, the bread 
of which was made from mixed cereals, since the bread supplied to the public 
at the time of the cocoa butter experiments was of this nature. The cocoa 
butter used was the ordinary fat sold under that name. 

It was rather hard and brittle, pale yellow in colour and possessed when 
fresh a distinct flavour of cocoa, which however rapidly diminished in intensity 
on keeping even in a closed vessel. 

It consisted almost entirely of pure fat, and the constants given below are 
well within the limits of variation given in the literature. 


Moisture Up iis Melting point 33-5 °C. 
Ash 0-059 ,, Acid value 1-98 
Unsap. matter 0-907 ,, Sap. value 194 
Sterols 0-171 ,, Reichert-Meissi value 0-84 
Todine value 37:3 


Subjects used in the experiments: 


An account of the eight subjects, four in Cambridge and four in London 
who had the control diets is given in the above-mentioned report. Out of the 
four subjects, previously experimented on in London, two only, viz. E. and B., 
were still available for the cocoa butter experiment, the others having been 
called to the colours. We were only able to get one additional subject—P. 


Individual Age Wt in kilos Occupation and state of health 
E. 36 55 Laboratory assistant. Delicate health 
B. 34 65 Laboratory attendant. Athlete and active worker 
iE 18 64 Laboratory attendant. Active and in good health 


E. and B. were therefore the only subjects who had both the control and 
the cocoa butter diets. 


EXPERIMENTAL METHODS. 


The general procedure was exactly the same as that detailed in the Royal 
Society Report on the Digestibility of Breads, the diet being consumed for a 
period of ten days, the six significant days being the 4-9th inclusive. Accurate 
accounts of the weights of food eaten were kept and analyses of each food 
were made. On the fourth, sixth and ninth days a determination of the 
nitrogen in the urine was also made. 

As before, the collection of faeces began one day later and continued one 
day longer than the days of the diet. 


Methods of analysis. 


The coefficients of digestibility given in Langworthy and Holmes’ paper 
referred to above were obtained in the customary way by analysing the food 
eaten and the faeces excreted during an experimental period. For this purpose 
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the total ether extract of the faeces was taken to represent the actual quantity 
of undigested fat—the unavailable residual of the fat eaten during the experi- 
mental period. That this assumption is far from true is apparent from a study 
of the composition of the faeces. It is well known that the faeces contain not 
only undigested food, and undigested residues of food, but also other waste 
materials, usually grouped under the somewhat ambiguous term metabolic 
products, some of which are soluble in ether. The ether extract, usually con- 
sidered as fat, consists of true fat, fatty acids, and unsaponifiable matter. The 
unsaponifiable matter consists mainly of a variety of alcohols of the sterol 
group with a small proportion of fatty alcohols of lower molecular weight such 
as cetyl alcohol, ete. This unsaponifiable matter is partly metabolic in origin 
and is partly contained in the foodstuff. The ratio of true fat to fatty acids is 
variable, but as a rule the quantity of true fat is small and is often negligible. 
Faeces also contain salts of fatty acids, or soaps which are insoluble in ether. 

It was therefore considered necessary to submit both the food and faeces 
to a more detailed analysis than is usually the case. 

The faeces were analysed in the following manner. A weighed portion of 
the dried faeces was subjected to a prolonged extraction (not less than a week) 
in a Soxhlet apparatus with ether, and the ethereal solution was made up to 
known volumes. Aliquot portions were then respectively titrated with stan- 
dard alcoholic soda, and evaporated to dryness and weighed. In the latter 
estimation care must be taken not to overheat. The rest of the ethereal 
solution was then mixed with an alcoholic solution of sodium in considerable 
excess and allowed to stand 48 hours. The precipitated soaps were then 
filtered on the pump and thoroughly washed with ether. The ethereal filtrate 
and washings were then shaken with alkaline water and finally with distilled 
water until quite free from soap. The ethereal solution of unsaponifiable 
matter thus obtained was made to known volume and an aliquot portion 
evaporated and weighed. Estimations of the sterols, precipitable by digitonin, 
in the unsaponifiable residue were also made, but these values will form the 
subject of a separate communication. In order to estimate the fatty acids in 
the form of soaps, the faecal residue after extraction with ether was moistened 
with an alcoholic solution of hydrochloric acid, dried and again extracted with 
ether. In this case the acids were not estimated by evaporating the ethereal 
solution, as it was thought that the more soluble fatty acids being stronger 
than those of high molecular weight would mainly be found in these soaps. 
The ethereal extract was therefore exactly neutralised by a standard alcoholic 
soda, evaporated to dryness and weighed. 

Fat in the foods was determined by extraction with ether in the usual way, 
and the unsaponifiable matter and sterols estimated as described. In the case 
of bread and meat the ether extraction was preceded by extraction with 
boiling alcohol, as it is well known that in such substances the extraction of 
fat by ether alone is inyperfect, however long the extraction may be prolonged, 
The results are given in the following tables. 


see 
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Table I. 
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The percentage availability of the nitrogen of Diet D per day and 
also the nitrogen balance per day. 


Nitrogen 


E. B. ies 

Intake in food 16°51 20°35 19-87 

Excreted in urine 13-91 13-47 12-99 

in faeces ... 2-12 2-80 2-78 

Total 16-03 16:27 15-77 

Nitrogen absorbed ... 14-39 17-55 17-09 

Balance F So + 0:48 + 4-08 + 4:10 
Percentage utilisation 87:14 86-2 86-0 Average 86-4 


Average percentage utilisation in Diet A, 89-4; Diet B, 87-8; Diet C, 89-3. 


Total ether extract 


True fat in food 

Hat excreted in faeces 
in form of true fat, 
fatty acids and fatty 
acids in form of soap 


Total ether extract 


True fat in food 

Fat excreted in faeces 
as fat, fatty acids 
and fatty acids in 
form of soap 


Table IT. 
Diet A. 
London subjects 
ee 
E. Gs B. 
Intake in food 98:93 97-28 99-41 
Excreted in faeces 3°52 3:66 4-33 
Difference 95-41 93-62 95-08 
06 utilisation 96:44 96:24 95-65 


Cambridge subjects 


AS Os EW ELS BS Wards 
92-79 155-28 92-53 122-08 

311 4-94 1-63 2-47 
89:68 150-34 90-90 119-61 
96-65 96-81 98-23 97-98 


aS 
Average = 96-24 


Average =97-84 
a 


Intake in food 96:62 94:96 97-01 
Excreted in faeces 5:08 2-76 3:37 
Difference 91-54 92-20 93-64 
% utilisation 94-74 97:07 96-53 


Average = 96-44 
SS 


ae 
Average =97-04 


90-73 .150-94 89-75 119-58 
2-34 7-14 2-29 3°88 
88:39 143-80 87:46 115-70 
97-42 95-27 97:45 96-76 
ee 


Average = 96:92 
= 


Average = 96-68 


Table ITI. 
Diet B. 
London subjects Cambridge subjects 
= —-c———_—_— 
FE. C. B. INA! sls We lel. JBL AT Wredls 
Intake in food 101-83 94:50 107-40 105-40 155-59 113-69 107-71 
Excreted in faeces 2-77 — 1:74 2-13 3°38 3:71 2-63 
Difference 99-06 — 105-66 103-27 152-21 109-98 105-08 
°% utilisation 97:28. — 98-38 97-98 97:83 96-74. 97:56 
— 


Average = 97-88 


Average =97:18 
— 


Intake in food 99-16 92-23 104-47 
Excreted in faeces 4:41 — 2-52 
Difference 4-75 — 101-95 
% utilisation 95:55 —— 97-59 


Average =96-49 
SS - 


Average =97-48 


102-70 =151:06 110-31 105-05 
378 5:38 5:77 3°53 
98-92 145-68 104-54 101-52 
96-32 96:44 94:77 96-64 


Average =95:77 
zh 


Average =96-08 


A. L. 
139-93 
2-32 
137-61 
98-34 


137-22 
2-48 


134-74 
98-19 


—_ 


AS as 
144-70 
4:97 
139-73 
96-57 


140-55 
6-69 


133-86 
95-24 


ee” 
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Table IV. 
Diet C. 
London subjects Cambridge subjects 
BE. ©; B. A.C. H.W.H. FJ. Wz. A. L. 
Total ether extract Intake in food 98:23 97:75 99-01 91:03 167-30 109-50 109-70 163-50 
Excretedinfaeces 3:73 4:17 3-49 3°57 4-06 2-50 2-41 4-12 
Difference 94°50 93:58 95:52 87-46 163-24 107:00 107:29 159-38 
% utilisation 96:20 95-7: ae 96:48 96:08 97-57 97-72 97°79 97-48 
— ~ “SS r— ee 
Ave rage = 96-12 “Av erage SUT: 64 
oe oe ———— 
Average =96-88 
True fat in food Intake in food 96:85 95:44 97:46 89:76 163-30 106-10 107-24 159-53 
Fat excreted in faeces Excretedinfaeces 4:36 6:54 3°72 3°59 4-06 2-50 4-12 2-41 
in form of true fat, 
fatty acids and fatty 
acids in form of soap 
Difference 92:49 88:90 93:74 86:17 159-24 103-60 103-12 157-12 
% utilisation 95-50 93:15 96:18 96:00 97-51 97-64 96-16 98-49 
Noe ay, NS — eee Ee 
Ae erage = 95-20 Average =97:-45 
= ee ~ i 
Average = 96-32 
Table V. 
Diet D. 


Intake in food 
Excreted in faeces ... 
Difference 
Percentage tilieatine 


Total ether extract 


Intake in food 
Excreted in faeces ... 


True fat in food 
Fat excreted in faeces in form of 
true fat, fatty acids and fatty 
acids in form of soap ... 
Difference 
Percentage PaieaGon 


London subjects 


Hn 


E. B. Be 
109-00 105-73 105-53 
5-41 6-66 6-66 
193-59 99-07 98-87 
95-04 93-70 93-68 

= a wy 

Average =94-14 

107-77 104-40 104-25 
6-27 7-56 7-62 
101-50 96-84 96-63 
94-18 92-76 92-69 

— —~- = 


Average =93-21 - 


Table VI. 
Comparative table showing average percentage fat utilisation in different 
diets. 
Diets 
(aa VW as = a XN 
A B C Dp 

Total ether extract 97-04 97-48 96-88 94-14 
True fat in food, and excreted in eee as eel fat, 

fatty acids and fatty acids in form of soap ... 96-68 96-08 96-32 93-21 
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HEALTH OF THE SUBJECTS. 


All the subjects found the cocoa butter palatable, and were quite content 
with the diet. They suffered no appreciable change in weight during the 
experimental period. Their excreta were normal in appearance, and no 
apparent digestive trouble was noted. Their health was normal throughout. 


DISCUSSION OF RESULTS. 


Assuming that the bread sold to the public at the date of the experiments 
(1918) is comparable with that used in the diets A, B and C, it will be seen from 
Table I that in the case of the cocoa butter diet D there is a small but definite 
decrease in the utilisation of nitrogen, a result in agreement with observations 
recorded by various observers in experiments with cocoa. 

The average percentage utilisation of fat in the cocoa butter diet D, 
whether judged by the total ether extract or by the true fat, is lower than the 
average values in the butter diets A, B and C, but the difference is not very 
marked, and the figures come within the limits of variation of A and C. The 
utilisation from this point of view must be regarded as satisfactory. 

It will be noticed that the figure we obtained for the percentage utilisation 
of ether extract in diet D (94-14) is considerably higher than the figure 89-6 
given by the American observers, though it comes within their limits of vari- 
ation 79-1 to 95-5. It must be remembered however that diet D contained in 
addition to the cocoa butter a considerable amount of ordinary fat present 
in the meat, milk and cheese. That this slightly lower average utilisation is 
real and not merely the result of the smaller number of subjects eating diet D, 
and indicates that the cocoa butter is less digestible than ordinary butter, is 
shown by a consideration of the composition of the fatty matter of the faeces. 

If we knew the average molecular weight of the acids excreted in the 
faeces on the various diets, it would be possible from the data we obtained to 
calculate for each individual the ratio of the fatty acids to unsaponified neutral 
fat in the faeces, since estimations were made on the ether extracts of (a) total 
solids by evaporation, (b) unsaponifiable matter, (c) free acids by titration with 
standard alkali: the difference between (a) and (6 + c) would give the neutral 
fat. We do not know the average molecular weights of the acids in question, 
and furthermore the values for total solids may be slightly lower than the true 
values owing to loss of volatile acid on evaporation of the ether. We could not 
therefore get an accurate quantitative relation between the fatty acids and 
neutral fats in the faeces, but by assuming that the fatty acids were all stearic 
it can be shown that there is a marked difference between the composition of 
the faeces A, B and C on the one hand, and D on the other. This will be clear 
from the following figures for the two subjects who had all four diets. 
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Table VII. 


Weights per cent. of dry faeces. 


Approximate amount 
of fatty acid 
Total ether Unsaponifiable Real fatty reckoned as Neutral fat 
Diet Individual extract matter matter stearic acid by difference 


A K. 13-13 3:95 9-18 11-71 Probably nil 
B. 14:36 3:58 10-78 10-31 0-47 

B KE. 6-99 2-40 4:59 8°37 Probably nil 
B. 5:50 1-72 3-78 6-28 . 

Cc EB. 12-07 3°30 8-77 Sella sO ee be 
B. 13-14 3:25 9-89 10-1 5 

D EB. 15-18 1:96 13722 1-41 11-81 
B. 15-48 1-80 13-68 4-05 9-63 
iP 14-07 0-90 13-17 4:54 8-63 


It will be seen that whereas in the diets A, B and C the fatty matter of the 
ether extracts was mainly acids with little or perhaps no neutral fat, in the 
case of diet D the fat of the ether extract was mainly neutral fat. This clearly 
indicates that some small portion of the cocoa butter passed the intestinal 
tract unchanged. 

More light would however be thrown on this question by a knowledge of 
the actual components of the fats used in the various diets, especially cocoa 
butter which differs markedly from animal fats and the more liquid vegetable 
fats, and of the fatty matter in the faeces produced. HExperiments are being 
made on the separation of the acids from these various substances by fractional 
distillation of their methyl esters, with a view to the determination of the 
molecular weights, iodine values, etc. of the different fractions. These results 
are nearing completion and we hope shortly to be able to publish them. 


QUALITATIVE EXPERIMENTS. 


In order to get some idea of the tolerance for cocoa butter, and to find 
whether physiological disturbances similar to these noted by the American 
observers were produced when it was fed in excessive quantity with ordinary 
diet, four workers in the laboratory volunteered to try and eat three to four 
ounces per day for four days or so. 

The four subjects were F. W. F. a chemist, W.L.8. a physiologist, 
W.G.R. a cadet of the O.T.C., and G. T. W. a cadet of the O.T.C. 

They report as follows: 

G. T. W. When I first started eating cocoa butter I did not enjoy it at all 
—that was eating about four ounces per day—but after the first two days 
I quite liked it, and found it most palatable when eaten with bread and jam. 
It has had no effect on me at all. The amount eaten was | Ib. in five days. 

W.G. R. Quantity eaten per day three to four ounces. At first the cocoa 
butter was unpleasant, giving rise to a bilious feeling, but later, when taken 
slightly warm with salt, this was not noticeable. 
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So long as it was eaten with some strong flavouring it made a fairly good 
substitute for butter, but was not pleasant when eaten alone with bread. 

In spite of the fact that the amount taken was far in excess of my usual 
butter allowance, no ill effects were experienced. 

W.L.S. I could not stomach much of your cocoa butter. I managed one 
ounce the first day, and was troubled by eructations. It also proved distinctly 
laxative. On the second day I could only take 3 ounce and since then have 
taken none. It did not appear to be a very good samplet. 

F. W. F. I deliberately ate even larger quantities of cocoa butter than 
those given by the American observers, but without experiencing any of the 
unpleasant physiological effects they mention. The weights taken for the five 
days were as follows: 56, 237, 201, 102 and 135 g. These quantities were very 
far in excess of my ordinary fat ration, and were naturally unpalatably large. 
The faeces showed the high value, for the ether extract, of 24:3 g. % of dry 
weight. 


GENERAL CONCLUSIONS. 


1. Cocoa butter is rather less digestible than butter, but the experiments 
recorded show satisfactory utilisation. 

2. Beyond the slight laxative action observed in the case of some of the 
subjects who consumed large quantities of the cocoa butter, no undesirable 
physiological effects were noticed. 

3. Our papers show no indication ma hatan ie that cocoa butter is a 
“slow poison,” and there can be no doubt that this substance could be used 
to supplement the fat need of the population with safety. This conclusion is 
in agreement with general experience, since large quantities of this fat must 
have been consumed with impunity in the various chocolate preparations on 
the market—which may contain as much as 20 % of fat. 

This work was undertaken at the request of the Food (War) Committee of 
the Royal Society, by whom the expenses were defrayed. 


REFERENCES. 


Cohn, H. (1895). Zeittsch. physiol. Chem. 20, 1. 

Gerlach, V. (1907). Zeitsch. physik. didt. Therapie, 11, 264. 

Langworthy and Holmes (1913). Bulletin 310, U.S.A. department of Agriculture. 

(1917). Bulletin 505, U.S.A. department of Agriculture. 

Newmann, R. O. (1906). Arch. Hygiene, 58, 1. 

Pincussohn, L. (1907). Zeitsch. klin. Med. 63, 450. 

Royal Society Food (War) Committee (1918). Report on the digestibility of Breads (3206). 
Zuntz, N. (1890). Therap. Monatsch. 4, 471. 


1 The same cocoa butter was supplied to each volunteer, and its constants were normal. 


Bioch,. x11 26 


XXXVI. A NEW METHOD FOR PREPARING 
ESTERS OF AMINO ACIDS. COMPOSITION 
OF CASEINOGEN. 


By FREDERICK WILLIAM FOREMAN. 


From the Institute for the Study of Animal Nutrition, School of Agriculture, 
Cambridge University. 


(Received October 29th, 1919.) 


Iv a preliminary paper [ Foreman, 1912] reasons were given for attempting to 
improve the methods commonly in use for separating the products of protein 
hydrolysis, and a new method for preparing the esters of the amino acids was 
briefly described. 

The method has been applied to the products of two further hydrolyses of 
caseinogen with the following objects in view; 

A. Hydrolysis by sulphuric acid. To determine the distribution of the 
nitrogen in the various fractions, and to test the completeness of the esterifica- 
tion. 

B. Hydrolysis by hydrochloric acid. To determine the effect of the pro- 
cess upon the yields of the monamino acids, and to endeavour to throw some 
light upon the nature of the unidentified substances making up the deficit in 
protein analysis. 

Before describing the experiments, it will be advisable to set forth briefly 
the steps involved. Full details of the working will be found in the account 
of Hydrolysis B. 

(a) The amino acids are converted into their dry lead salts. 

(b) The lead salts are suspended in absolute alcohol, and the esterification 
brought about by saturating with dry hydrochloric acid gas. 

(c) The free hydrochloric acid is removed, partly by reducing the hquid 
to half its bulk at 40° and 15 mm., and the remainder by the addition of 
absolute alcohol saturated with dry ammonia gas. 

(d) Alcohol is removed by evaporation at 40° and 15 mm., and the ester 
hydrochlorides taken up in dry chloroform. 

(e) The esters are liberated from their hydrochlorides, and any remaining 
traces of esterification water removed by shaking the chloroform solution with 
anhydrous baryta. 

(f) The chloroform is evaporated at 40° and 15 mm., and the esters taken 
up in anhydrous ether. 
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Hydrolysis A. 

Nitrogen distribution. 320g. “ Hammersten casein,” containing 45-056 g. 
N equal to 288-4 g. pure caseinogen calculated on the basis of 15-62 °/ N, was 
hydrolysed by boiling for 48 hours with three parts of sulphuric acid and six 
parts of water. The sulphuric acid was removed by means of baryta before 
making the lead salts. 

The following table shows the percentages of the total nitrogen found in 
the fractions: 


In the crude tyrosine removed a 5c Ae ae 1-98 
In the barium sulphate precipitate after very Heroin ‘wales of, “07 7-13 
In the aqueous solution of amino acids... ele BPE Ye ou was 88-38 
Moss .:. aae a oe ae se ase Re oy ea Sc 2-51 

100-00 


From the aqueous solution of amino acids: 


Ammonia lost when making the lead salts (calculated from the percentage for 


caseinogen given by Osborne and Guest [1911]) ... Se si: sce 8-48 
In the undissolved lead oxide and hydroxide... Ke Boe 500 aes 1-36 
In the dry lead salts ... Ao ee so ane ay ee so ae 77:08 
Toss: <3. ase ane nee 5G ee Spe red 58 ant sce 1-46 
88°38 

From the lead salts: 
In the washed lead chloride removed after the esterification ... ae ce 1-63 
In the filtrate containing the ester hydrochlorides Soc sec ace ne 75:02 
Loss... 50 Sor S00 sc “cE vas Sac “Or ee 506 0-43 
77-08 


The baryta residue obtained when the esters were liberated from their 
hydrochlorides contained 13-42 9%, and a small quantity of esters soluble in 
chloroform but insoluble in ether 2-06 % of the total N. When removing the 
ether by distillation in vacuo from about half the ester solution, the flask was 
slightly fractured by accident and water gained access to the solution. The 
esters were recovered as far as possible by ether extraction, but small losses 
undoubtedly occurred. The nitrogen determinations were therefore discon- 
tinued at this stage. After removing the ether the esters weighed 244-7 g. 

The ester process was not applied a second time to the material taken from 
the chloroform solution of the ester hydrochlorides by the anhydrous baryta. 
The quantity of esters obtained therefore represents the yield of a single 
preparation. 

The esters were fractionally distilled in the usual way, and the fractions 
partially worked up. The quantities of amino acids separated, so far as these 
operations were carried, are given in the following table: 


Total amounts obtained from 
288-4 g. caseinogen. Obtained 


Amino acids by one esterification 
Glycine ns6 BC 0:5 g. triglycylglycine ester 
Alanine, leucines pad elie 52-09 g. 

Proline ioe ae He 20-12 g. 
Phenylalanine hee at 8-96 g. of the hydrochloride 
Aspartic acid... ae “te 42g, 


26—2 
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The proline was estimated by van Slyke’s method [1911]. 

The 8-96 g. phenylalanine hydrochloride represents the first crop of the 
crystals. The mother liquor would have yielded a further quantity. Phenyl- 
alanine ester was undoubtedly extracted to some extent by the water which 
gained admission to the ethereal solution of the esters by accident (p. 379). 

The aspartic acid was separated as barium aspartate from the highest 
boiling ester fraction. 

The 0-5 g. triglycylglycine ester separated from Fraction I while it was 
standing in the ester condition in a corked bottle for about three weeks. The 
substance was easily soluble in water, alkaline to litmus, and gave a pronounced 
biuret reaction. When its melting point was taken, it commenced to turn 
brown at 200°, sintered on further raising the temperature, blackened and 
finally decomposed at 267°. Fraction I always contains ether. The conditions 
were therefore identical with those under which Curtius [1904] prepared his 
biuret base, triglycylglycine ester. The composition, properties and reactions 
of the substance were also in agreement. Found 20-6 9% N; calculated for 
triglycylglycine ester 20-44 % N. 


The efficiency of the esterification method. 


The dry lead salts weighed 558 g. and contained 50-27 % Pb. The lead 
chloride removed by filtration after esterifying, dried at 100°, weighed 335-7 g. 
The filtrate was found to yield a precipitate on adding absolute alcohol, which 
settled to the bottom in the form of a brown syrup. Extraction with a little 
cold water gave a brown solution containing 2-727 g. N leaving 36-2 ¢. lead 
chloride. The brown solution invites further investigation. The total weight 
of dry lead chloride recovered was therefore 371-9 g., which corresponds to 
277 g. lead. The lead salts contained 280-5 ¢. lead. The lead salts were there- 
fore practically completely transformed in the esterification. 


Hydrolysis B. 
YIELDS OF MONAMINO ACIDS. INVESTIGATION OF THE RESIDUES. 


In the previous sulphuric acid hydrolysis, no less than 7 % of the total N 
was retained by the washed barium sulphate precipitate formed when the 
acid was removed. In order to avoid the effect of this loss upon the yields of 
amino acids, this hydrolysis was brought about by means of hydrochloric 
acid. Glutamic acid was removed in the form of its hydrochloride, as far as 
possible, before the esterification. 

320 g. of the same sample of ““ Hammersten casein” as used in Hydrolysis A 
(= 288-4 g. pure sukstance) was hydrolysed in the usual way by boiling with 
hydrochloric acid for 48 hours. 

Removal of glutamic acid as the hydrochloride. The liquid arising from the 
hydrolysis was evaporated on the water-bath to a volume of about 700 cc., 
saturated with hydrochloric acid gas, and left in the ice chest. The crystals 
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were filtered off on an asbestos pad, and washed several times with aqueous 
hydrochloric acid saturated with the gas at 0°. The crude hydrochlorides 
thus obtained weighed 88-1 g. after drying to constant weight. This material 
was taken up with water, the solution decolorised by warming with animal 
charcoal, reduced to about 300 cc., and saturated with hydrochloric acid 
gas. The perfectly white crystals were filtered off on asbestos, and washed 
many times with ice cold saturated aqueous-hydrochloric acid. The free 
hydrochloric acid was removed in a desiccator over strong potash. 57-1 g. 
resulted afterdrying to constant weight at 100°. The filtrate yielded a further 
0-16 g. of the hydrochloride when reduced in bulk and again saturated. The 


total weight was therefore 57-26 g., which corresponds to 45-87 g. glutamic 


~ acid. Portions weighed out from the whole specimen gave the following results 


on analysis: 
Found Calculated 


/o 
en ee ase Ae 32-61 32-70 
ES Ce. ac 28: 5°80 5:45 
Bi ca. a 7-64 7-62 
Amino N (van Slyke) 774 7-62 


It will be noted that the recrystallised material only accounted for about 
two-thirds of the crude dry hydrochlorides. : 

Preparation of the lead salts. The filtrate frat the recrystallised glutamic 
acid hydrochloride was added to the main hydrolytic liquid, and hydrochloric 
acid removed as far as possible by evaporation on the water-bath. A current of 
steam was then passed through the heated fluid for some time to remove further 
hydrochloric acid. The volume was made up to 2 litres with water, a current 
of steam passed through, and 100 g. precipitated lead hydroxide added. The 
steaming was continued for a few minutes, and the hot solution filtered by 
suction. The insoluble material was dark in colour, and contained the greater 
part of the humin matter. 400 to 500 ¢. ordinary litharge Was added to the 
filtrate in portions during a further 45 minutes’ steaming. The excess of litharge 
was filtered off rapidly by suction, and washed with hot water. 

The preliminary treatment with lead hydroxide was introduced because 
the compound formed with the humin matter remains in suspension, and can 
be easily filtered off. When litharge was used from the commencement, how- 
ever, the humin compounds tended to collect at the bottom in the form of a 
troublesome cake. The use of litharge after lead hydroxide appears to be 
necessary for the complete transformation of the amino acids into lead salts, 
and a good excess should be added as the bigger particles are not readily dis- 
solved. 

The solution containing the lead salts was evaporated on the water-bath 
to a volume of about 500 cc. and cooled. The semi-solid mass of salts which 
resulted was placed on the water-bath and stirred until it became too viscous. 
After standing in the steam-oven all night and then being cooled the material 
can be easily reduced to a powder. The grinding however is quite unnecessary, 
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as the dry cakes will esterify readily when treated in the manner to be de- 
scribed. The dry lead salts weighed 475 ¢. The undissolved lead hydroxide 
and litharge contained 3-1 °% of the total N of the 320 @. caseinogen, 

Estervfication. The lead salts were suspended in 1500 cc. absolute alcohol, 
and saturated with dry hydrochloric acid gas. The liquid was then cooled by 
means of a freezing mixture of ice and salt, and again brought to saturation. 
The lead chloride was filtered off and washed with absolute alcohol. 

Removal of the free hydrochloric acid. The greater part of the free hydro- 
chloric acid was removed by reducing the volume to one-half at 40° and 15 mm. 
The fluid was transferred to an enamelled jug, and the flask washed out with 
absolute alcohol. The jug was surrounded by a freezing mixture of ice and 
salt, and the remaining free hydrochloric acid removed by means of a saturated 
solution of dry ammonia gas in absolute alcohol, which was added slowly, with 
continual stirring, until the liquid remained only faintly acid. The further 
addition of alcoholic ammonia would liberate esters from their hydrochlorides, 
and the fluid would darken in colour. It was considered advisable, however, to 
stop at the faintly acid stage in order to avoid loss which might result from 
decomposition of the free esters in this as well as subsequent operations. By 
the means described the free acid was eliminated without involving the 
formation of water. The ammonium chloride was filtered off by suction, and 
washed thoroughly with absolute alcohol. 

Removal of the alcohol. The alcohol was removed as completely as possible 
by evaporation at 40° and 15mm. The specific gravity of the distillate was 
found to be higher than that of absolute alcohol. Assuming this increase to be 
due to the presence of water, the distillate contained a quantity which corre- 
sponded very well with the calculated amount of water produced during the 
esterification. The content of lead in the lead salts of the previous sulphuric 
acid hydrolysis provided a basis for making this calculation, after an allowance 
had been made for the glutamic acid removed in the case of Hydrolysis B. 

The ester hydrochlorides iaken wp in dry chloroform. The syrup was taken 
up in dry ‘chloroform, in which the ester hydrochlorides dissolved readily. A 
littie ammonium chloride, which had been retained in solution by the alcohol, 
was filtered off and washed with chloroform. The total amount of ammonium 
chloride formed from the free hydrochloric acid was about 250 g. 

Liberation of the esters from their hydrochlorides. The chloroform solution 
of the ester hydrochlorides occupied a volume of 1000 to 1500 ce. 300 to 350 g. 
anhydrous baryta were added in successive portions of about 30 g¢., and the 
mixture well shaken after each addition. After all the baryta had been added, 
the mixture was allowed to stand for two minutes, by which time the tempera- 
ture at the bottom where the solid material had settled had risen to about 35°. 
A temperature of about 30° throughout the whole fluid resulted on further 
shaking. The baryta by this time had become granular, and settled instantly 
the shaking was discontinued. The mixture was cooled under the tap, and a 
thermometer placed so that its bulb was covered by the solid material at the 
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bottom. After standing two or three minutes, a rise of 2° was recorded. The 
mixture was shaken again, cooled, and the test repeated, but no further in- 
crease of temperature resulted. It was concluded therefore that the reactions 
were complete. It may be found sometimes, however, that the clear fluid 
contains a little chloride at this stage. In this case the mixture should, be 
allowed to stand, with an occasional shake, until no chloride remains. In one 
experiment the addition of a little more anhydrous baryta was necessary 
before the last traces of chloride could be removed. The solid material 
was filtered off by suction and washed thoroughly with dry chloroform. 
The chloroform was removed from the filtrate by evaporation at 40° and 
15 mm., and the esters shaken with anhydrous ether. Practically the whole 
dissolved immediately, only a very small quantity of syrup which collected on 
the sides of the flask remaining insoluble. The latter was found to contain 
substances precipitated by phosphotungstic acid after hydrolysis. The esters 
weighed 235-9 g. 

Recovery of a second portion of esters. The baryta residue obtained when the 
esters were liberated from their hydrochlorides contained 9-6 g. N. This was 
suspended in water, and the barium all converted into sulphate at 40° by 
adding a slight excess of dilute sulphuric acid. After heating for some time on 
the water-bath, the barium sulphate was removed and washed. The solution 
was steamed with litharge in the manner already described, and 116 g. dry lead 
salts obtained. Esterifying these lead salts as before, using equivalent amounts 
of the various reagents, only 25-6 g. of esters resulted. 

The two lots of esters, together amounting to 261-5 2., were combined and 
distilled in the apparatus described by Fischer and Harries [1902]. For 
reasons which will be explained later (p. 393) it is regretted that these two 
quantities of esters were not investigated separately. 


Fractional distillation of the 261-5 q. esters. 


Temp. of bath Temp. of vapour Pressure Weight of 
roe: 2 C: 


Fraction mm. fraction, g. 
I Up to 88 Up to 65 1] 28-07 
II Re 88 to 110 65 to 84 10 73:71 
III 110 to 132 84 to 94 10 20-00 
IV 152 to 165 100 to 125 10 13-57 
Distillation residue -- — — 82-03 
In liquid air condenser — — — 10-45 


Total 227-83 


Fraction IV did not commence to distil over until the temperature of the 
bath was 152° and of the vapour 100°. A very slow current of carbon dioxide, 
too small to increase the pressure, was passed through the liquid during the 
distillation. The fractions were thus assisted in their passage to the condenser, 
and air was excluded. An accident to the Dewar’s flask containing the liquid 
air supply just before the reduction of pressure was required prevented the 
usual fractions at 0-5 mm. from being obtained. The distillation was continued 
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at 10 mm. as described, and a very satisfactory separation of the fractions 
containing glycine, alanine, valine, leucines and proline was effected, 

Phenylalanine. Fraction IV was treated with water and extracted with 
ether in the usual way, and the ether-soluble ester evaporated to dryness with 
hydrochloric acid. The crystals obtained were dissolved in water, decolorised 
with animal charcoal, and recrystallised from hydrochloric acid. The specimen 
was washed thoroughly with saturated aqueous hydrochloric acid, and the free 
acid removed in a desiccator over potash. This fraction of the phenylalanine 
hydrochloride, dried completely at 100°, weighed 1:36 ¢. It contained 7-07 %, 
N (Kjeldahl). 

The distillation residue was treated in exactly the same way as Fraction IV, 
yielding 11-71 g. of the dry recrystallised hydrochloride. This contained 
6-87 % N; calculated for phenylalanine hydrochloride 6-95 °%% N 

The total quantity of hydrochloride separated was 13-07 g. equal to 10-70 g. 
phenylalanine. 

The liquids from which these separations of the hydrochloride had been 
made were combined, and an attempt made to obtain a further crop of the 
hydrochloride. A little more was separated, but its content of nitrogen was 
0-45 °% too high. It was returned therefore, and the amino acids liberated by 
quantitatively removing the free as well as the combined hydrochloric acid. 
A total weight of 7-89 g. dry substance resulted, from which 0-25 g. tyrosine 
was separated, leaving 7-64 g. in which nothing was satisfactorily identified. 

Glycine and alanine. The esters of Fraction I, obtained up to a temperature 
(vapour) 5° higher than usual, were hydrolysed by boiling with water, and the 
solution evaporated to dryness. After extracting proline in the usual way, the 
amino acids, dried at 100°, weighed 13-28 ¢. By fractional crystallisation from 
water, one fraction was obtained which melted at 250°, and contained 13-05 %% 
N. This was sub-fractionated, but no portion contained a much higher per- 
centage of N, and no alanine could be separated; The other original fractions 
gave much higher melting points, and judging by their nitrogen content con- 
ied of mixtures of valine and leucine. 

The mother liquor on evaporation yielded 6-58 g. dry amino acids, which 
melted at 239°, and contained 16-03 %, N. This was examined for glycine by 
the picrate method of Levene and van Slyke [1912], and 2-38 g. glycine picrate 
melting at 200°, and decomposing at 202°, was separated. The picric acid 
was removed from the filtrate by means of N sulphuric acid and ether and the 
sulphuric acid by baryta. The amino acids recovered, dried at 100° C., weighed 
4-77 ¢. This material was crystallised from water, leaving a small mother 
liquor which on evaporation yielded 1-45 ¢. dry substance melting at 238°, 
from which a further 0-756 g. glycine picrate with the correct melting point 
was separated. The two portions of glycine picrate, having identical melting 
points, were mixed, and the amino nitrogen in a portion weighed out from the 
whole quantity was determined by the nitrous acid method: found 7:33 % 
(corrected); calculated for glycine picrate 7-39 %. 
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The total quantity of the picrate thus separated from the amino acids of 
Fraction I was 3-136 g., which corresponds to 1-24 ¢. glycine. 

The contents of the liquid air condenser, obtained when the esters were dis- 
tilled, were freed from ether and hydrolysed by boiling with water. On 
evaporation 0- mee g. dry substance was obtained which melted at 239°, and 
contained 16-07 % N. This yielded 0-1 ¢. glycine picrate with the correct 
melting point, shows that losses were falling upon glycine ester during the 
fetilintion: The ether distilled from the ethereal solution of the esters before 
they were fractionated yielded by similar treatment 0-17 g. dry substance, 
from which no trace of glycine picrate could be separated. 

The substance separated by crystallisation from the 4-77 g. amino acids 
recovered after removing the first lot of glycine picrate was submitted to 
analysis: 


Found Calculated for alanine 


C 40-82 %, 40-45 %, 
H 7-97 7:86 


It was concluded therefore that the 6-58 g. portion consisted of a mixture 
of 1:24 ¢. glycine and 5-34 ¢. alanine. This statement is supported by the fact 
that a mixture of glycine and alanine in these proportions would contain 
16-15 % N, whereas 16-03 % was actually found. 

Glycine from pure caseinogen. The examination of the first fraction obtained 
by distilling the esters prepared from the hydrolysis products of ““Hammersten 
casein” by the method advocated in these pages revealed the presence of 
glycine. Evidence had been given which showed that losses of glycine occurred 
during the distillation owing to the low boiling point of its ester. The products 
of pure caseinogen therefore very probably contain considerably more than 
the 0-45 % isolated as the picrate. The specimen of picrate was excellent in 
quality. The 0-5 g. triglycylglycine ester separated in the previous hydrolysis 
(p. 380) provides epacenmigr evidence. 

If the absolute purity of ‘““Hammersten casein” be doubted, it would be 
reasonable to suspect contamination with small quantities of the other protein 
constituents of milk. So far as I can ascertain, no glycine has been found 
amongst the hydrolytic products of lactalbumin, and the ester hydrolysis of 
lactoglobulin has not been done. A yield of 3-5 % glycine, however, has been 
obtained from serum globulin, which closely resembles lactoglobulin. Assum- 
ing lactoglobulin to contain 3-5 % glycine, and the 0-45 % glycine isolated 
from the products of caseinogen to be derived from lactoglobulin as impurity, 
the presence of 13% of the latter in the caseinogen must be admitted. 
Emmerling [1888] states that milk contains not more than about 0-005 % 
lactoglobulin. Crowther and Raistrick [1916] however isolated 0-03 % , which 
is equivalent in quantity to only about 1 % of the caseiogen. The glycine 
separated therefore cannot be attributed to protein impurity. 

Valine and leucines. The esters of Fractions II and III were hydrolysed in 
the usual way by boiling with water, and the solutions combined. The dry 
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amino acids obtained on evaporation were thoroughly extracted with absolute 
aleohol to dissolve proline, and dried at 100°. The following results were 
obtained on analysis: C 53-28, 53-22 %; H 9-67, 9-52 %; N (Dumas) 11-27, 
920 
11-28 % 
Al . . o . . . . 
From these figures the proportion of leucine isomers to valine in the 
mixture was calculated as follows: 
53-28 — 51-24 
54-92 — 51-24 


11-27 — 10-68 ; ( 
: == , a Albyel] OLE tere 2 
T1o7cioes * 100 = 45-7 % valine. 


x 100 = 55-4 % leucine isomers. 


It will not be far from the mark therefore to conclude that the mixture 
consisted of 55 °/ leucine isomers and 45 % valine. To verify this further the 
lead method of Levene and van Slyke [1909] for the separation of these 
substances was employed. The lead salt of the leucines which separated was 
found to contain 44-64 °% Pb. Calculated for lead leucine, 44-34 % Pb. 

The leucine and valine were recovered from the lead precipitate and from 
the filtrate respectively, and their content of nitrogen determined. 

Nitrogen in the leucine isomers: 

0-:1995 g.; (Kjeldahl) NH, neutralising 15-4 cc. N/10 acid, 10-80% N. 
Calculated for leucine, 10-68 %. 

Nitrogen in the valine: 

0-2292 g.; (Dumas) 22:6 cc. N at 14-5° and 768 mm., 11:90 % N. Caleu- 
lated for valine, 11-97 %. 

The dry amino acids insoluble in alcohol obtained from the ester Fractions 
II and III, together with the small portions from Fraction I which showed a 
percentage of N between that of leucine and valine, amounted to 50-85 g. 
55 % equals 27-97 g. leucines, leaving 22-88 g. valine. 

Proline. The united alcoholic extracts of the dry matter obtained from 
ester Fractions I, I and III, already in such condition that the amino acids 
they contained would completely dissolve when well stirred in cold alcohol, 
were freed from alcohol, and the content of proline calculated from the non- 
amino nitrogen content according to van Slyke [1911]. The following results 
were obtained: 


Total N 3-44 g. 
Amino N 0-761 
Proline N 2-679 


This amount of proline N corresponds to 22-005 g. proline. 

The material was dried to constant weight in the steam-oven, and weighed 
28-05 ¢. It contained therefore 12-26 % total N, which is in accord with the 
experience of Osborne and Guest [1911]. A 2g. portion was treated with 
phenyl isocyanate, and a moderate yield of the proline derivative was obtained. 
This was converted into the hydantoin, which melted at 143°. 

Assuming all the non-amino N to be in the form of proline, 6-05 g. amino 
acids of the straight chain type were also present in the alcoholic extracts. 
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Aspartic acid. The esters of Fraction IV, from which phenylalanine ester 
had been extracted, were hydrolysed by boiling with baryta. A small quantity 
of barium aspartate separated which yielded 0-48 g. aspartic acid. This was 
converted into the copper salt which crystallised from plenty of water in the 
form of light blue needles. The barium was removed quantitatively from the 
filtrate from the barium aspartate, and the solution evaporated to dryness. 
After drying at 100°, this material weighed 3-71 g. By means of the titration 
method of Osborne and Liddle [1910] the presence of a further 0-51 g. aspartic 
acid was shown. The liquid which had been titrated was concentrated, and a 
small crystal fraction separated from dilute alcohol, melting at 245°. This 
substance was found to contain 39:39 % C, 7-82 % H, and 11-25% N. An 
attempt to make a f-naphthalenesulphonic derivative gave no satisfactory 
result. The amino acids obtained from ester Fraction IV, which were not 
identified, weighed 3-2 ¢. 


THE DISTILLATION RESIDUE. 


The esters remaining in aqueous solution after extracting phenylalanine 
ester with ether from the distillation residue were hydrolysed by boiling with 
baryta for several hours. The deposit which formed on long standing con- 
tained no aspartic acid. The cold filtrate was made neutral to litmus with 
sulphuric acid as a preliminary to the complete removal of barium. The 
precipitate which resulted was flocculent and had not the appearance of barium 
sulphate. It was filtered off, shaken with cold water, decanted several times, 
and washed many times on the filter with cold water. On investigation this 
precipitate was found to contain 3-5 g. amino acid material consisting of two 
unidentified portions, one of which was precipitated by phosphotungstic acid, 
and aspartic acid which was separated easily and of high purity. 

The flocculent precipitate was extracted with successive quantities of 
boiling dilute sulphuric acid until the extract came through colourless. The 
solution was reduced in volume, and while at the boiling point sufficient 
baryta was added to reduce the content of sulphuric acid to 5%. After 
heating on the water-bath and filtering, the fluid was cooled and treated with 
25 % phosphotungstic acid in 5 % sulphuric acid solution until precipitation 
was complete. The precipitate was decomposed in the usual way, and yielded 
0-64 g. material brown in colour, not hygroscopic, and strongly acid to litmus. 
The filtrate was freed from phosphotungstic and sulphuric acids, and evapor- 
ated to dryness on the water-bath. The dry material weighing 2-88 g. was 
extracted and washed with a small quantity of ice cold water, yielding a very 
soluble slightly coloured portion, and a perfectly white insoluble part, weighing 
0-85 ¢. which proved to be aspartic acid. It was found to contain 36-13 % 
C and 5-27 %, H; calculated for aspartic acid, 36-09 % C and 5-26 % H. 

A portion was converted into the copper salt, which separated from a 
dilute aqueous solution in the characteristic form. 

The fraction soluble in the ice cold water was converted into the copper 
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salt, which would not crystallise from water. It dried to a dark blue brittle 
material, pale blue when powdered, and insoluble in alcohol, Its identity was 
not established. The analytical figures, given below, are not unlike those 
obtained for some of the copper salt fractions described on page 389, 


Copper... << 25:86 % 
Nitrogen aoa 8-0 
Carbon ... ee 33°14 
Hydrogen sec 4-14 
Water lost at 125° 3°84 


From the foregoing it appears that considerable losses of aspartic acid may 
occue when barium is removed quantitatively as the sulphate from amino 
acid solutions containing this substance. In all probability the considerable 
amount of nitrogen rigidly retained by the large barium sulphate precipitate 
removed in the early stages of the previous sulphuric acid hydrolysis (p. 379) 
is partially due to aspartic acid. 

The solution from which the flocculent barium precipitate had been re- 
moved was made to contain 5 % sulphuric acid, and 25 % phosphotungstic 
acid dissolved in 5 °% sulphuric acid added until the supernatant fluid had 
lost its brownish colour. This precipitate was removed, and a second fraction 
obtained by continuing the treatment with phosphotungstic acid until the 
precipitation was complete. These precipitates were decomposed in the 
ordinary way. The first one yielded 9-18 g. brown material acid in reaction 
to litmus. The second gave 10-1 g. amino acids alkaline to litmus from which 
3-31 @. lysine picrate was obtained by adding an alcoholic solution of picric 
acid. 

The amino acids not precipitated by phosphotungstic acid. On working up 
the filtrate from the phosphotungstic acid precipitates, a syrup weighing 24-7 g. 
very acid to litmus was obtained. This was extracted with alcohol. The in- 
soluble part yielded nothing crystalline from water. 

A concentrated aqueous solution of the extract gave two small successive 
fractions on long standing in a desiccator over sulphuric acid. The first, nodular 
in form, weighed 0-49 g., contained 62:54 % C, 6-93 % H, and 8-74 % N. 
Calculated for phenylalanine: 65-5 % C, 6-66 °% H, and 848% N. The 
odour of phenylacetaldehyde developed on warming a portion with dilute 
sulphuric acid and potassium bichromate. 

In order to obtain dry matter suitable for analysis so that a general idea 
of the composition could be formed, the syrupy materials and their fractions 
were converted into copper salts, and the copper salts fractionated as de- 
scribed below. ; 

Syrupy material insoluble in alcohol: 

A. Copper salt crystallised from water. 

B. Copper salt precipitated from concentrated aqueous solution by alcohol. 

©. Copper salt, derived from material more soluble in water than that 
which gave copper salts A and B, precipitated from strong aqueous solution 
by alcohol. 
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Syrupy material dissolved by alcohol: 

D. Copper salt, made from material which had crystallised from water as 
already described, precipitated by alcohol out of strong aqueous solution. 

EK. Copper salt precipitated from strong aqueous solution by alcohol. 

F. Copper salt soluble in alcohol, precipitated by ether from alcoholic 
solution. 

The analytical data for these copper salts are given in the following table: 


A B C D E F 
Carbon — 32-90 31-54 — 35°15 39-79 
Hydrogen = 4:90 4:88 — 4-64 5:35 
Nitrogen 8-0 8-51 8-80 — 8-0 8-83 
Copper 26-11 26-18 28-74 27-57 23-63 18-90 
Amino nitrogen — — 6-84 — 3-45 1-34 


These copper salts swelled up considerably during ignition, and gave very 
disagreeable smells. The first four were blue when moist, and light blue in 
colour when dry. E gave a deep blue water solution, and a pale greenish blue 
dry salt precipitated by alcohol. F gave the deepest possible blue alcoholic 
solution, and a very pale blue dry salt when precipitated by ether. 

Copper salt B. The copper was removed from this salt, and the aqueous 
solution concentrated to the syrupy stage. A very small quantity of nodular 
crystals separated on long standing, which were removed and recrystallised. 
The dried material weighed 0-18 g., softened at 180°, completely melted at 
215°, gave a strong pyrrole reaction when warmed with zinc dust, and con- 
tained 44-42 % C, 6:78 9% H, and 11-08% N. These figures correspond 
approximately to a calculated formula of C;H,O,;N. The specimen was too 
small for conclusive identification. 

Copper salt C. The copper was removed and 0-0493 g. crystals resembling 
glutamic acid were obtained from the concentrated aqueous solution. M.P. 
208°. Contained 9-58 % N, calculated for glutamic acid 9-52 % N. 

Copper salt H. Gave the pyrrole reaction on heating with zine dust, but 
not so strongly as copper salt F. 

Copper salt F. Weight = 2-5 g. Strong pyrrole reaction. Approximate 
formula for the free substance calculated from the analytical figures was 
C,H,O.N. Impurity represented by the amino nitrogen (15-8 % of the total N) 
probably present. The properties and conditions strongly favour the view that 
the main constituent was the copper salt of pyrrolidonecarboxylic acid, the 
copper content differing by only 1 °% from theory. 


The syrupy material. Discussion. 

No way was found for isolating a chemical individual from this viscous 
matter. Salt F was probably the impure compound of pyrrolidonecarboxylic 
acid. The ratio N: O in salt E was practically 1: 3-56, and about 1:3 in B 
and C. A trace of glutamic acid was isolated from C. The composition of the 
free acids calculated from the data given for the copper salts resembles that 
of the “gummy substance” obtained by the lime-alcohcl method for dibasic 
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acids [Foreman, 1914]. There can be no doubt that the same material is 
represented. The total weight of unidentified matter obtained from the 
distillation residue, omitting diamino acids, was 43:7 ¢. <A considerable 
quantity, probably of peptide nature, was acid to litmus although precipitated 
by the ordinary phosphotungstic method for separating diamino acids. 


THE UNESTERIFIED RESIDUE. 


The baryta residue obtained when the second lot of esters were liberated 
from their hydrochlorides, completely freed from esters by washing with 
chloroform, was suspended in water, and the baryta all neutralised with sul- 
phurie acid at 40-50°. After heating on the water-bath, the barium sulphate 
was removed and washed. The liquid was reduced in volume, sulphuric acid 
added until 5 % was present, and treated with 25 °/, phosphotungstic acid in 
5% sulphuric acid solution until precipitation was completed. The pre- 
cipitate decomposed in the usual way yielded 12-96 g. dry matter. The filtrate 
was freed from phosphotungstic and sulphuric acids, and as much of the free 
hydrochloric acid as possible removed on the water-bath. The syrup which 
resulted was taken up in water, made up to 200 cc., and by estimating in 
aliquot portions, the whole solution was found to contain 1-568 g. total N, 
1-043 g. amino N (van Slyke), and 0-042 g. N as NH,. The hydrochloric acid 
remaining was quantitatively removed and the liquid again treated with 
phosphotungstic acid as before. A small gummy precipitate was obtained, 
and the whole of the colour disappeared from the solution. The reagents were 
completely removed, the liquid evaporated, and made up to 200 cc. The 
amino acid content was estimated by evaporating an aliquot and drying the 
residue to constant weight at 100°; 10cc. gave 0-503 g. Allowing for the 
portions removed in the nitrogen estimations, the unesterified residue there- 
fore contained only 10-06 g. amino acids not precipitated by phosphotungstic 
acid. 

The 0-5 g. obtained from the aliquot was returned to the main solution, 
and the volume reduced to about 50 cc. on the water-bath. 2-76 g. tyrosine 
crystallised. 

Serine. The filtrate from the tyrosine was evaporated down to 10-15 ce. 
On standing over night, crystals in the form of thin hard transparent plates 
separated. This substance was recrystallised from water after removing a 
trace of colour from the solution by animal charcoal, and yielded crystals of 
the same character, which weighed 0-998 ¢. M.P. 231°, with decomposition. 
Analysis gave the following results: 


Calculated 
Found for serine 
O/ O/ 
/0 /o 
C 34:49 34-29 
H 6-87 6-67 
N 13:48 13:33 
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A syrup obtained from the remaining material. An attempt was made to 
obtain a second crop of serine, but when the concentration was carried further 
than before, the solution became viscous, and although crystals nodular in 
form appeared on standing, they could not be separated by suction. A very 
small quantity from which most of the liquid had been removed by suction 
gave a copper salt, deep blue in colour, insoluble in alcohol, which contained 
19-56 °% Cu. The viscous matter resembled cheese in consistency after standing 
a long time in vacuo over sulphuric acid. After treatment with a little cold 
water, a few large hard crystals were picked out, washed, and recrystallised. 
This specimen weighed only 0-2 g., and melted at 213°. 

Material separated from the syrup by means of basic lead acetate and alcohol. 
A satisfactory precipitate was obtained by means of alcohol after adding basic 
lead acetate solution to the aqueous solution of the syrup. The addition of 
alcoho! was continued until the separation was complete. The lead was re- 
moved from the washed precipitate, and the resulting solution reduced to very 
small volume. Large white spherical nodules separated from the viscous 
solution on standing over night. These were removed, and a second fraction 
of the same type obtained in the same way. The fractions were recrystallised 
from water.—No. 1 gave 0-123 g., M.P. 182°; No. 2, 0-05 g., M.P. 181°. A trace 
heated with zinc dust gave a very strong pyrrole reaction. The material, which 
appeared to be definite in character, gave the following results on analysis: 


C 39:97 % 
H 6:33 
Amino N 9-94 


Although the percentages do not differ widely from those of glutamic acid, 
further work showed that the substance would not give a hydrochloride in- 
soluble in saturated aqueous hydrochloric acid. The total weight of material 
precipitated by basic lead acetate and alcohol was-2-25 g. 

The amino acids not precipitated as lead compounds. The filtrate from the 
lead precipitate was freed from lead. Spherical nodules separated from the 
concentrated aqueous solution on standing. The mother liquor on further 
concentration yielded crystals of the same kind; M.P. 263° after recrystallisa- 
tion from water. These gave a strong pyrrole reaction. The quantity obtained 
was too small for analysis. (Hydroxyproline melts at 270°.) 


Discussion. 


The unesterified residue contained only 10-06 g. monamino acids. The 
identifiable part consisted of tyrosine and serine, which are both hydroxy 
acids. The remainder was syrupy. No traces of known amino acids containing 
two oxygen atoms in the molecule were found. Further work may show that 
only the lead salts of hydroxy acids resist esterification. The two small 
specimens derived from the lead-alcohol precipitate seemed to be definite in 
character, and the analytical data are not inconsistent with the view held that 
the substance was probably a hydroxy acid. 
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THE YIELD OF MONAMINO ACIDS. 


The amount of each monamino acid separated in the course of the fore- 
going investigations will be found in the following table: 


Amino acid Reference page Weight in g. % 


Glycine 385 1-24 
x 385 0-04 1-28 0-45 
Alanine 385 5:34 1-85 
Valine 386 22-88 7:93 
Leucines 386 27:97 9-70 
Proline 386 22-01 7:63 
Phenylalanine 384 10-70 
35 388 0:49 11-19 3°88 
Serine 390 1-0 0:35 
Aspartic acid 387 0-48 
3 387 0-51 
.; 387 0-85 1-84 0-64. 
Glutamic acid 381 45:87 15-91 
Discussion. 


With the exception of aspartic acid and serine, the percentages are all 
appreciably higher than those given by Osborne and Guest [1911] in their 
compounded table which shows the highest reliable figures for each amino 
acid obtained from caseinogen up to that date. The yield of aspartic acid is 
much lower than that obtained in Hydrolysis A (p. 379), owing to the fact that 
no liquid air was available when the esters were distilled. 


THE NEW METHOD FOR PREPARING ESTERS. 


The older methods for preparing the esters of the amino acids leave much 
to be desired from the point of view of yield. This is chiefly due to the fact 
that water is added to the ester hydrochlorides and the esters are subjected to 
the saponifying influence of aqueous alkali during their liberation and ex- 
traction. Levene and van Slyke [1909] brought about a considerable reduction 
in the content of free alkali in the aqueous solution by substituting anhydrous 
baryta for the soda or potash previously employed and better yields resulted. 
The esters however are exposed, in their method, to aqueous baryta during the 
extraction which occupies three-quarters of an hour, and a certain amount of 
saponification occurs. Their original syrup contains a considerable amount 
of free hydrochloric acid as well as the ester hydrochlorides, and on adding 
the baryta a large amount of heat of neutralisation as well as further water 
develop within a thick mass which in a few minutes becomes semi-liquid and 
alkaline. In spite of the cooling by means of a freezing mixture, local over- 
heating in such material appears likely. The mass eventually breaks up into 
eranules, remaining in this condition until the operations are concluded. A 
complete extraction of such material, for the greater part of the time in a wet 
condition, by stirring with successive additions of ether, seems highly im- 
probable. Saponification and incomplete extraction probably account for the 
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results obtained by the authors, expressed by them as follows: “ Extraction 
as described...yields a second smaller crop of esters, and by repeating the 
process a third and even a fourth crop in decreasing yields may be obtained.” 

Esterification and saponification are both influenced in degree by the 
amount of water present. The new method for the preparacion of esters was 
designed to eliminate the adverse effect of water upon the yield. As the ex- 
traction of esters from large bulks of moist material with ether is probably very 
incomplete, the esters are liberated in a large volume of a more suitable 
solvent which protects them from saponification, and from which the residue 
can be filtered and washed. The following statements will explain the pro- 
cedures adopted: 

(1) The water of the original solution of amino acids is eliminated by 
obtaining the amino acids in the form of dry lead salts. 

(2) In the esterification the reverse reaction is prevented by a large excess 
of alcohol and the favourable influence of the lead chloride formed. 

(3) Excess of free hydrochloric acid is removed from the ester hydro- 
chloride solution without the formation of water. 

(4) In the absence of free hydrochloric acid, the water of esterification can 
be removed with the alcohol from the alcoholic solution of the ester hydro- 
chlorides. 

(5) The ester hydrochlorides readily dissolve in chloroform, which can be 
very easily dehydrated by means of anhydrous baryta. 

(6) The amount of water produced by the action of the baryta upon the 
hydrochloric acid part of the ester hydrochloride molecules is small, as two 
molecules of hydrochloride are required to give one of water. Water is very 
sparingly soluble in chloroform (100 cc. dissolve 0-152 ce. water at 22° [ Herz, 
1898]), and the mass of anhydrous baryta relative to that of the water produced 
is very large. The water is therefore rapidly taken up. The esters on the other 
hand are very readily soluble in chloroform, and consequently are removed 
from the spheres of action immediately. There is practically no exposure of 
the esters to the influence of aqueous baryta, and saponification is prevented. 
The increase in temperature which occurs produces little if any ill effect upon 
the yield, and cooling by means of freezing mixtures is unnecessary. The esters 
are completely separated from the residue by the simple method of filtering 
and washing. 

The efficiency of the method. The second crop of esters obtained in Hydro- 
lysis B weighed only 25-6 g. and probably included a little ether. The opinion 
was formed that this quantity consisted of the esters of dibasic material, 
and was practically free from the monobasic acids whose esters appear in 
the first three fractions of the ester distillation. It is regretted that this 
portion was not investigated separately. The opinion was based upon the 
following facts. In Hydrolysis A, the yield of glycine, alanine, valine and 
leucines, obtained from a single ester preparation, together amounted to 
18-2 %, and the proline was 6-98 %. The corresponding figures for Hydro- 
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lysis B, in which the second crop of 25-6 g. esters was combined with the first 
before distillation, were 19-93 and 7-63 respectively. As yield was the chief 
object of Hydrolysis B, the experiments were more carefully conducted and 
the caseinogen was hydrolysed by means of hydrochloric acid, whereas in 
Hydrolysis A sulphuric acid was employed. The yieldsare generally not so good 
when sulphuric acid is used, probably because the hydrolysis is not carried so 
neac to completion and loss of amino acids occurs on removing the large 
barium sulphate precipitate (p. 379). 

In another hydrochloric acid hydrolysis of a kilo of “‘ Hammersten casein,” 
equal to 901-3 ¢. of the pure substance, one preparation of esters by the new 
method was made, and the first three ester fractions were distilled in the same 
manner and up to the same temperature as in Hydrolysis B. After extracting 
the amino acids of these three fractions with hot alcohol, 163-03 2. of a mixture 
of glycine, alanine, valine and leucines resulted, which corresponds to a total 
yield of 18-1 %. The small quantities of these amino acids which separate in 
the ordinary way from the proline extract before it will enter completely into 
solution in cold alcohol are not included in the calculation. The freedom of the 
unesterified residue of Hydrolysis B from amino acids of the leucine type 
supports the view that the small second crop of esters contained practically 
none of these substances. 

The very large distillation residue obtained, and the very small quantity 
of monamino acids found in the unesterified residue, are facts which also puint 
to the high efficiency of the new ester method. 

The fractionation of the esters. In distilling the esters of Hydrolysis B, four 
fractions were obtained without the aid of liquid air. After Fraction III was 
complete, a rise of 6° “vapour” temperature and 20° in the “bath” occurred 
before further esters commenced to distil over. Fraction IV yielded only 1-36 g. 
phenylalanine hydrochloride, while nearly nine times as much was obtained 
quite as easily from the distillation residue. The other material derived from 
Fraction IV was apparently free from amino acids of the leucine type, and, so 
far as the estimations were concerned, no advantage was gained by distilling 
this fraction. Now that the dibasic acids can be easily and completely removed 
before esterification, their estimations do not depend upon the working up of 
the higher boiling esters, a method which usually gave very poor yields, owing 
to the large amount of decomposition. If serine is present in the distillation 
residue, it will probably crystallise quite readily in the absence of dibasic 
acids, syrupy products and phenylalanine. It appears, therefore, that there 
is no need to continue the ester distillation further than Fraction III if the 
work is carried out on the lines suggested, and the esters of the distillation 
residue will not be subjected to the influence of the higher temperatures. 
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IMPROVEMENTS SUGGESTED BY THE RESULTS OF LATER EXPERIMENTS. 


The foregoing experiments were completed in 1913. Further work showed 
that the syrupy material found in such large quantity in the distillation residue, 
as well as to some extent in the unesterified fraction, can be removed from the 
original hydrolytic mixture by the “lime-alcohol” method for separating 
dibasic amino acids [Foreman, 1914]. 

Further investigations on the nature of the new syrups prepared under 
certain temperature precautions, and on the possibilities of the “lime-alcohol”’ 
method for simplifying the mixture of amino acids before esterification, were 
carried out in the latter part of 1914. The work was suspended early in 1915 
owing to war conditions. The experiments will be described in a further paper, 
and the results compared with those obtained by Dakin [1918] who has since 
identified a new amino acid, 6-hydroxyglutamic acid, in the syrups which the 
“lime-alcohol” method enabled him to obtain. 

The further investigations showed that on working up the alcoholic filtrate 
from the insoluble calcium salts, the monobasic amino acids can be obtained 
in the form of a light brown powder, proving that all the viscous matter can 
be removed by the “‘lime-alcohol”” method. Impure proline was obtained by 
extracting the powder with alcohol. The ester process however will probably 
yield purer proline. : 

The advantages likely to be gained by removing the alcohol-insoluble 
calcium salts before applying the new method for preparing esters are given 
in the following summary: 

(1) A single ester preparation will contain the whole of the esters of the 
monobasic monamino acids, with the possible exception of those of the 
hydroxy type. 

(2) The esters will fractionate more easily, and the difference between 
“bath” and “vapour” temperatures will be reduced, thus decreasing the risk 
of decomposition. 

(3) Substances of syrupy nature will not be present to complicate the 
issue at almost every stage. The separations will therefore be more complete, 
and the amino acids yielded in purer condition. 

(4) The residues will be very much simpler in composition, and the amino 
acids they contain thrown into much greater relief. 


COMPOSITION OF CASEINOGEN. 


The sum of the percentages of the known amino acids separated from the 
products of caseinogen by the older methods showed a very considerable 
deficit. The method for estimating diamino acids gives very satisfactory 
results, and consequently it is generally believed that the loss falls almost 
entirely upon the monamino acids during their isolation and estimation. The 
preparations of esters by the older methods were incomplete, and definite 
information in regard to the nature of the amino acids making up the de- 
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ficiency could not be gained by examining the residues. The methods of pre- 
paring and distilling the esters of Hydrolysis B made a better examination of 
the residues possible. The distillation residue yielded material probably of 
peptide character (p. 390), indicating that a complete hydrolysis of caseinogen 
is not eflected by boiling for 48 hours with hydrochloric acid, as well as a large 
amount of syrupy material of unknown constitution. The amount of mon- 
amino acids in the unesterified residue was very small and consisted of 
hydroxy acids together with further syrups. Neither of these residues gave 
any indication that amino acids of the leucine type were present. The syrupy 
material was afterwards separated directly from the hydrolytic products, to- 
gether with glutamic and aspartic acids, in the form of alcohol-insoluble 
calcium salts [ Foreman, 1914], and as much as 37-88 °% of the caseinogen was 
accounted for by this method. 

Our present knowledge of the quantitative proportions of the products 
obtained by the acid hydrolysis of caseinogen, including the results of these 
investigations, may be summarised as shown in the accompanying table. The 
percentage of lysine was calculated from the figures civen by van Slyke [1913] 
for his estimation of this substance by the Kossel method. The figures for the 
other amino acids represent the highest reliable results as selected by Osborne 
and Guest [1911] in their review of the information then available. A total of 
67-85 % of caseinogen was accounted for by them in this manner, including 
the figures for elementary sulphur and phosphorus. 


Results of Hydrolysis B (1913)... ees Glycine... oss a Dr 0-45 % 
Alanine . ... 506 o6c ec 1-85 
Valine nic ae 200 506 7:93 
Leucines... Sac coc Res 9-7 
Proline och 58 30 soc 7-63 
Phenylalanine aise 509 Sut 3°88 
Results obtained by the method for separa- Glutaminic acid... ee eels IDET 
ting dibasic amino acids [Foreman, 1914] Aspartic acid 50C sac q08 ez Fh 
New Syrups 50 ans coe AOA 
Van Slyke... 600 ace 362 503 Lysine ase wee =e 58 7-62 
Results selected by Osborne and Guest... Histidine... as was cic 2-5 
Arginine... ont noe sci 3°81 
Tryptophan 506 485 50 1-5 
Serine 5c Sac oh 0 0-5 
Cystine oot ae abe Soc — 
Adan oyetbales 556 si doo 206 4-5 
Hydroxyproline ... . 0-23 - 


Diaminotrihydroxydodecanic acid 0:75 


Ammonia ... ee sas Ae 1-61 
Lo Sulphur... ace bat she 0-76 


Fay, Phosphorus wee aes -«- 0:85 

93-95 

Obtained from Hydrolysis B, probably of peptide nature (p. 390) ... oe ee 3-41 
97-36 


The products include the water of hydrolysis, and the total should be 
greater than 100, The application of the new ester method after removing the 
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dibasic material will very probably throw considerable further light upon the 
composition of caseinogen, and further investigation is proceeding on these 


‘lines. 
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XXXVII. ON AMINO-ACIDS. PART-II. 
HYDROXYGLUTAMIC ACID. 


sy HENRY DRYSDALE DAKIN. 
REPORT TO THE MEDICAL RESEARCH COMMITTEE. 
(Received November 7th, 1919.) 


THE object of the following communication is to record the results of experi- 
ments made in continuation of work already published in this Journal [ Dakin, 
1918]. In the previous communication it was shown that the products of 
hydrolysis of a protein, e.g. caseinogen, might be extracted with partially 
miscible solvents, such as butyl alcohol, so that the feebly ionised monamino- 
acids and proline were substantially removed}, while the strong acids and bases 
remained behind. Evidence was presented of the occurrence among the acids, 
in addition to glutamic and aspartic acids, of a new amino-acid which was 
regarded as B-hydroxyglutamic acid from a study of its composition and re- 
actions. The present paper contains the results of the further study of this 
acid together with experiments on its synthesis and that of allied substances. 
For convenience, the subject-matter is divided into the following sections: 


I. On the synthesis of inactive B-hydroxyglutamic acid and allied 
substances. 


Il. The p-nitrophenylosazones of malic semi-aldehyde and tartronic 
semi-aldehyde. 


III. Optical activity of natural B-hydroxyglutamic acid. | 

IV. Alkaloid salts of B-hydroxyglutamic acid and other amino-acids. 

V. Identification of B-hydroxyglutamic acid among the products of 
hydrolysis of glutenin and gliadin. 

VI. The fate of B-hydroxyglutamic acid in the diabetic organism. 


I. ON THE SYNTHESIS OF INACTIVE B-HYDROXYGLUTAMIC ACID AND 
ALLIED SUBSTANCES. 


At first sight it appeared that the synthesis of inactive f-hydroxyglutamic 
acid would be a relatively simple problem capable of solution by many methods, 
* It is perhaps worth recording the fact that if the amino-acid aqueous solution is saturated 


with potassium carbonate and then extracted with ordinary ethyl alcohol, the monamino-acids 
are found in the alcoholic extract as potassium carbamates and may be precipitated by acetic acid. 
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but, at any rate in the writer’s experience, this has not proved to be the case. 
The first method that was tried consisted in brominating the acetyl derivative 
of S-hydroxyglutaric anhydride described by Blaise [1903] and then acting 
on the product with ammonia: 


COOH CO COOH COOH 


| | 
CH, CH, CHBr CHNH, 


CHOH + 0 bao-co-cH, L10-CO-CH, — CHOH 
CH, CH, CH, 


| 
‘OOH \co COOH COOH 


The acetyl derivative is obtained by the action of acetic anhydride on f-hy- 
droxyglutaric acid, prepared by the reduction of acetonedicarboxylic acid. 
But while the bromination apparently went smoothly, the action of ammonia 
removed the halogen without introducing an amino-group, probably through 
the formation of a trimethylene derivative. An analogous reaction was 
observed by Perkin and Tattersall [1905] in the case of a-bromoglutaric acid. 
A more promising method presented itself in the reduction of a-isonitroso- 
acetonedicarboxylic ester: 


COOC,H; COOH 
Cc: NOH CHNH, 
bo +> CHOH 
bor, br, 

booc.H, boou 


A very large number of experiments were made with this substance, using 
almost every known reducing agent that had the smallest prospect of success, 
but the reaction did not proceed smoothly. Using sodium or sodium amalgam 
in neutral or acid solution, it was an easy matter to reduce the ester and to 
obtain an acid which, in many ways, resembled the natural hydroxyglutamic 
acid and had approximately the same composition. But a variable proportion 
of the product when tested with nitrous acid was found not to be an amino- 
acid nor was it a hydroxypyrrolidonecarboxylic acid for it did not give an 
amino-acid on warming with hydrochloric acid. The separation of the products 
of reaction proved very difficult and has not been satisfactorily accomplished. 
It appeared that complicated condensations followed the production, as the 
first stage of the reaction, of a-amino-acetonedicarboxylic ester, such as are 
known to occur with amino-acetoacetic ester. It therefore seemed desirable 
to limit the reactivity of the carbonyl group. The introduction of an acetyl 
group attached to oxygen, by means of acetyl chloride in pyridine solution, 
proved of no avail. Later the observation was made that ethoxyglutaconic 
ester, obtained by the action of orthoformic ester on acetonedicarboxylic ester, 
on reduction with sodium amalgam in the presence of excess of carbon dioxide 
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gave f-hydroxyglutarie acid instead of B-ethoxyglutaric acid as might be 
expected : 


COOEt + CH, - CO + CH, - COOEt + COOEt - CH =COEt - CH, » COORt + 
COOH - CH, - CHOH - CH, - COOH 


It therefore appeared possible that q@-isonitroso-acetonedicarboxylic ester 
might be converted into isonitroso-8-ethoxyglutaconic ester (IT) and that the 
latter might be successfully reduced to hydroxyelutamic acid. Orthoformic 
ester was found to react vigorously with isonitroso-acetonedicarboxylic ester 
but the product, which cannot be distilled, sometimes gave results on analysis 
indicative of the ethoxy ester, but often, after simple manipulations and 
careful drying, nothing but unchanged nitroso-acetonedicarboxylic ester was 
obtained. It was clear that the ethoxy group was very easily removed and 
indeed on reversing the order of the reactions and starting with ethoxygluta- 
conic ester (1) it was found that nitrous acid could convert it into nitroso- 
acetonedicarboxylic ester (III) and when present in excess into hydroxy- 
isoxazoledicarboxylic ethyl ester (IV): 


COOC,H, COOC,H, COOC,H, COOC,H; 

bur C:NOH C:NOH —_ 

boo, boo, bo bon 

bu (sn ban, 4 

booc,H, booo.n, boon, booc., 
(I) (II) (111) (IV) 


As is well known from Claisen’s researches, the initial reaction between a 
B-ketonic ester and orthoformic ester in the presence of a suitable catalyst 
involves the formation of a y-diethoxy ester which usually parts with a mole- 
cule of alcohol to give an ethoxy derivative of an olefinic acid. but which in 
turn may be reconverted into the original ketonic ester by simple hydrolysis: 


| yous | 
GO C COC,H, CO 
| taal | 
> = | = 
CH, we i CH, 
ooo, COOC,H; CO0C,H, ooo, 


Accordingly the reaction between orthoformic ester and isonitroso-acetone- 
dicarboxylic ester was effected at low temperatures, and in order to limit 
decomposition of the product, it was reduced with sodium amalgam after a 
minimum of manipulation. The results were rather more satisfactory than 
those obtained by the direct reduction of isonitroso-acetonedicarboxylic ester, 
and small amounts of an amino-acid were eventually isolated which bore a 
very close resemblance to natural 6-hydroxyglutamic acid. However, the 
final stage in the preceding synthesis does not proceed as smoothly as might 
be desired, and as the amino-acid to be finally isolated resembles the natural 
acid in being extremely soluble and difficult to crystallise or characterise by 
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derivatives, and, moreover, readily passes over into a pyrrolidone derivative 
with loss of water, it appeared desirable to attempt some other mode of 
synthesis, as a confirmation. 

The next method to be tried was based upon Strecker’s well-known syn- 
thesis of amino-acids from aldehydes by way of the amino-nitriles. For this 
purpose it was necessary to prepare the hitherto unknown semi-aldehyde of 
malic acid, 7.e. B-hydroxy-y-aldehydobutyric acid. This was successfully 
accomplished in the following way—y-diethoxyacetoacetic ester (1) obtained 
as previously described by Dudley and the writer [1914], was reduced with 
sodium amalgam to y-diethoxy-f-hydroxybutyric acid (II). The latter sub- 
stance, on careful hydrolysis with dilute sulphuric acid, gave malic semi- 
aldehyde (III): 


CFH:09)-O0,Hy \6,H,0°, (OCH, 
RK NZ 

CH CH aes 

| | 

CO CHOH CHOH 

| | 

CH, CH, hae 

| | 

COOC,H,; COOH COOH 
(I) (II) (IIT) 


Unfortunately, the malic semi-aldehyde, when subjected to Strecker’s 
reaction substantially under the same conditions as those used by Fischer in 
the synthesis of serine from glycollic aldehyde, gave only a negligible trace of 
an amino-acid. From 20g. of the aldehyde, only enough amino-acid was 
obtained to observe its qualitative reactions, which resembled those of the 
natural acid, and to furnish about 0-2 g. of its silver salt. Attempts to improve 
the yield were unavailing and the method, which seems often to prove un- 
satisfactory in the case of hydroxyaldehydes, was abandoned. 

More satisfactory results were obtained with a synthesis starting with 
glutamic acid. Glutamic acid (I) was converted in a-uraminoglutaric acid (II) 


COOH COOH CO—NH CO—NH 
| ) | Sco 
CHNH, CH - NH - CONH, as C—NH 
|| 
: H, as CH, CH 
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CH, CH, CH, CH, 
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by the action of potassium cyanate, and hydantoin-propionic acid (III) was 
obtained from the latter by warming with hydrochloric acid, as already 
described | Dakin, 1910]. The action of bromine on hydantoin-propionic acid 
was then studied. It was found that on warming hydantoin-propionie acid 
dissolved in excess of glacial acetic acid with a molecular proportion of bromine, 
the latter quickly disappeared and that much more than half of the bromine 
was obtained as hydrobromic acid. The products of the reaction reduced 
permanganate solution freely and could absorb further amounts of bromine, 
so that it was clear that unsaturated products had been formed. On brom- 
inating concentrated solutions in glacial acetic acid, it was found that less of the 
bromine appeared as hydrobromic acid and a crystalline mixture of substances 
was separated which appeared to be made up of the unsaturated acid together 
with its hydrobromic acid addition product. The latter could be readily 
separated in the form of colourless cubes by repeated crystallisation from 
hydrobromic acid solution and from its reactions and composition is regarded 
as hydantoin-8-bromopropionic acid (V). It is reduced by zine dust to hydan- 
toin-propionic acid and, like most B-bromo-compounds of glutaric acid, is very 
unstable towards alkali. The unsaturated acid was obtained by boiling the 
mixture just referred to with zinc dust, separating it as zinc salt and then 
decomposing the latter with hydrogen sulphide. It is a sulphur yellow sub- 
stance, reducing permanganate freely, and is convertible into hydantoin- 
6-bromopropionic acid with hydrobromic acid. It absorbs bromine slowly in 
the cold when dissolved in acetic acid but rapidly at 100°. This substance, to 
which is assigned the formula (IV), is somewhat. difficult to name satisfactorily 
but may be regarded as hydantoin-B . y-propenylic acid. Its relation to gluta- 
conic acid is clear and the possibility of cis and trans isomers is also evident. 
It is not improbable that it is formed by the removal of hydrobromic acid 
from a bromohydantoin-propionic acid in which the bromine is in the y- 
position. 

Additional evidence as to the constitution of hydantoin-8-bromopropionic¢ 
acid and its formation by the addition of hydrobromic acid to hydantoin-f . y- 
propenylic acid is furnished by the following facts. In the first place, the yield 
of this substance is increased by brominating hydantoin-propionic acid in the 
presence of excess of hydrobromic acid. Secondly, although the hydantoin- 
propionic acid is strongly optically active, the B-bromo-derivative is entirely 
inactive although containing an asymmetric carbon atom. This result is 
readily interpreted if the reaction takes place as indicated, for the intermediate 
unsaturated acid (IV) has lost its asymmetry. Lastly, if the bromination of 
hydantoin-propionic acid is carried on in fuming hydrochloric acid solution, 
hydantoin-8-chloropropionic acid (V1) is readily obtained. 

A close analogy to the first stage of the reaction under discussion is 
furnished by the action of bromine upon p-hydroxybenzylhydantoin which 
was found by Johnson and Hoffman [1912] to give the unsaturated 3-5- 
dibromo-4-hydroxybenzalhydantoin. Gabriel [1906] also observed a similar 
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change in the formation of “pyvureidic acid” on brominating hydantoin- 
acetic acid. 

The conversion of hydantoin-f-bromopropionic acid into f-hydroxy- 
glutamic acid, a reaction involving the opening of the hydantoin ring by 
hydrolysis and replacement of the halogen by hydroxyl, is not as easy as might 
be wished. On warming the acid with excess of barium hydroxide, a clear 
solution is at first obtained, but in a few moments an insoluble barium salt 
separates out. This salt is a mixture which contains progressively less nitrogen 
as the amount of barium hydroxide and time of heating are increased and is 
mainly made up of barium salts of acids containing two or possibly three 
carbon atoms together with barium carbonate. On prolonged boiling with 
excess of barium hydroxide traces of an amino-acid are formed, but the bulk 
of the substance undergoes complete decomposition. On boiling with pyridine 
or other bases, the halogen of hydantoin-f-bromopropionic acid is readily 
removed, but. carbon dioxide is evolved and neutral products result. The 
instability of the five carbon chain of hydantoin-f-bromopropionic acid to- 
wards alkali is not surprising in view of the ease with which B-bromoglutaric 
acid is known to give vinylacetic acid when warmed with soda | Wislicenus, 
1899; Ssemenov, 1899]. 

Better results were obtained on simple boiling of hydantoin-$-bromo- 
propionic acid with water. Hydrobromic acid is slowly split off, and among 
other complex products a crystalline substance is easily separated in about 
20 % yield, which is an unsaturated acid, isomeric with the hydantoin-f . y- 
propenylic acid already described. Like the latter substance, it is a bright 
sulphur yellow compound and absorbs hydrobromic acid and bromine on 
warming. This substance appears to be hydantoinacrylic acid as represented 
by formula (VII). On prolonged treatment of this substance with hot barium 
hydroxide solution, the hydantoin ring is opened with removal of ammonia 
and carbon dioxide, while the elements of water are taken up with formation 
of B-hydroxyglutamic acid. The opening of the hydantoin ring by alkaline 
hydrolysis is of course a common reaction, as is the formation of a b-hydroxy- 
acid from an unsaturated acid by treatment with alkali, e.g. glutaconic acid 
gives B-hydroxyelutaric acid and fumaric acid yields malic acid. The yield of 
amino-acid is disappointing, amounting to about 20 % of the hydantoinacrylic 
acid taken. Calculated on the glutamic acid used as the starting material, the 
yield is not more than about 2%. An alternative method of converting 

hydantoin-8-bromopropionic acid into hydroxyglutamic acid consisted in 
 hydrolysing the former with fuming hydrochloric or hydrobromic acid in a 
sealed tube at 130°, and subsequently removing the excess of acid and boiling 
the product with lime water to replace the halogen by hydroxyl. The results 
were not much more satisfactory than those just described. 

The synthetic inactive B-hydroxyglutamic acid isolated as described in the 
experimental portion of the paper could not be obtained in large enough 
amounts to permit of a detailed study, but the following points of resemblance 
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to the natural optically active acid were noted and no dissimilarities were 
observed. 

The acid is extremely soluble in water and crystallises with great difficulty. 
It is insoluble in aleohol and most organic solvents. The whole of its nitrogen 
is in the NH, form and ean be liberated by nitrous acid in van Slyke’s appa- 
ratus. On heating to 105°, almost the whole of the nitrogen goes over into the 
(NH) form, through formation of a hydroxypyrrolidonecarboxylic acid with 
loss of water, and no longer reacts with nitrous acid. The natural acid shows 
precisely the same behaviour and the ease with which it parts with water 
accounts for the lack of a sharp melting point. The copper salt, like that of 
the natural acid, is very soluble in water, insoluble in alcohol. The acid 
titrates to litmus as a monobasic acid and forms neutral salts with the alkali 
metals containing one equivalent of base and alkaline salts containing two 
equivalents. The szlver salt is a white granular precipitate almost insoluble in 
water, contains two equivalents of silver and resembles the salt of the natural 
acid closely. The acid is saturated and does not promptly reduce perman- 
ganate in the cold in alkaline solution. 

On treating a few milligrams of the substance with diazobenzenesulphonic 
acid and then adding sodium hydroxide, a cherry red colour develops (or 
orange red if the solution is very dilute) which becomes intensely deep on 
warming!. If sodium carbonate be used as alkali, the colour tone in the cold is 
orange red which deepens to cherry red on warming. The natural acid, 
separated from its crystalline strychnine salt, shows the same reaction. Lastly, 
on gently warming a few milligrams of the acid dissolved in a drop or two of 
water with 6-naphthol and concentrated sulphuric acid, a brilliantly fluorescent 
yellowish green solution results”. The same reaction is shown by the natural 
acid and by malic acid. 

Since 6-hydroxyglutamic acid contains two dissimilar asymmetric carbon 
atoms it may occur in four active forms and at least two inactive forms. It 
has not been possible to obtain sufficient of the inactive synthetic acid for 
resolution into active forms so that the space relationships of both active and 
synthetic acid await further investigation. 

In order to save unnecessary duplication by other workers, it may be of 
some value to indicate a number of other attempted syntheses of B-hydroxy- 
glutamic acid which were tried without success, though of course it is quite 


* Most amino-acids on boiling with diazobenzenesulphonic acid and caustic soda develop a 
reddish colour, but the reaction is trivial compared with the above. Rosenthaler [1912] has 
described an analogous reaction for malic acid. 

* In the original description of the natural acid it was stated that it gave a violet red colour 
with resorcinol and sulphuric acid. This is an error and is apparently connected with the use of 
silver nitrate in separating the acid. Nitric acid gives a similar reaction, but preparations of the 
amino-acid containing so little nitric acid that no reaction could be obtained with the brucine 
test still gave a positive reaction. When no silver nitrate was used in the separation of the acid, 
the characteristic reaction with resorcinol was not obtained. Possibly it is duie to a trace of some 
oxidation product. 


[ 


HYDROXYGLUTAMIC ACID 405 


possible that some other of them might be successful if more suitable con- 
ditions were found than those employed by the writer: 


(a) Bromination of benzoylglutamic acid, with the hope of obtaining a 
benzoylamino-glutaconic acid by removal of hydrobromic acid. 


(6) Reduction of o-toluidine-azo-acetonedicarboxylic ethyl ester [ep. 
Biilow and Goller, 1911]. 


(c) Reduction of various hydrazine derivatives of acetonedicarboxylic 
ester. 


(d) Condensation of oxymethylenehippuric ester with malonic ester. 


(e) Condensation of dichloracetal with malonic ester followed by reactions 
analogous to Leuch’s synthesis of serine. 


(f) Reduction of isonitrosoglutaconic ester. 
(g) Reduction of hydroxyisoxazoledicarboxylic ethyl ester. 


The isolation of 6-hydroxyglutamic acid from the products of hydrolysis 
of proteins makes it desirable to know more of related hydroxy-amino- 
dicarboxylic acids. Reference was made in a previous paper [ Dakin, 1918] to 
Skraup’s statement as to the occurrence of hydroxyaspartic acid in case- 
inogen. It was there stated that “As Fischer has pointed out Skraup’s 
experiments are not described in a form capable of repetition and no evidence 
other than the analysis of a copper salt is adduced to show that the minute 
amount of substance obtained by Skraup was a dicarboxylic acid. The value 
of this analysis for determining the basicity of the acid is small, since no carbon 
or hydrogen determinations were made on the free acid.” Almost immediately 
after Skraup’s announcement, Neuberg stated that he had obtained hydroxy- 
aspartic acid in small amount by thé action of nitrous acid on diaminosuccinic 
acid. Erlenmeyer and Bade [1904] state that they synthesised the same sub- 
stance by reducing oxalylhippuric ester, but no account of the process or pro- 
duct has yet appeared, so far as we have been able to ascertain. The writer 
has endeavoured to synthesise hydroxyaspartic acid and has found that it is 
formed by the action of ammonia on barium chloromalate, a reaction which is 
similar to one partially investigated by Lossen. A detailed account of the acid, 
which has entirely different properties from those described by Skraup and by 
Neuberg, will form the subject of a separate communication. 

It is a curious fact that the amino-acid gives a so-called abnormal copper 
salt, resembling iso-serine in this respect, as was shown by Fischer. The 
presence of a hydroxyl group contiguous to a carboxyl group is undoubtedly 
responsible for the fact that the copper salt contained three equivalents of 
copper instead of two. The structural similarity between iso-serine which 
combines with two equivalents of copper and hydroxyaspartic acid is clear 
from the following formulae: 


CH,(NH,) - CHOH : COOH Iso-serine, 
HOOC . CH,(NH,) - CHOH - COOH Hydroxyaspartie acid. 
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The formation of this abnormal copper salt of synthetic hydroxyaspartic 
acid is clearly of value in further questioning the identity of Skraup’s acid 
which was considered to be a hydroxyaspartic acid largely on the basis of the 
analysis of a copper salt which was believed to possess a normal composition, 


KXPERIMENTAL, 

In the following section, the experiments leading to the synthesis of 
B-hydroxyglutamie acid from hydantoin-propionic acid will be considered 
first, since they have given the most satisfactory results. The preparation of 
malic semi-aldehyde and its derivatives will then be descriked. Only a brief 
outline of experiments on the reduction of isonitroso-acetonedicarboxylic ester 
and its condensation products with orthoformic ester will be included since 
they cannot be regarded as satisfactorily completed. The melting points re- 
corded are all “uncorrected” observations, unless otherwise indicated. 

Hydantoin-propionic acid. The preparation and properties of this substance 
have already been described by the writer [1910]. Certain minor changes in 
its preparation have proved advantageous as regards the yield. Glutamic 
acid, 29-4 ¢., is heated on the water-bath with about 100 cc. of water, and strong 
sodium hydroxide solution is gradually added until the whole of the acid is 
dissolved and the reaction of the solution is approximately neutral to litmus. 
To the solution of mono-sodium glutamate thus obtained 20 g. of freshly pre- 
pared potassium cyanate (1-2 mols.) is added and the mixture allowed to 
evaporate slowly over the water-bath for about an hour. The solution is then 
made acid to Congo-red with hydrochloric acid and an additional 30 cc. of 
the concentrated acid is added. The solution is then heated in a covered dish 
on the water-bath for two or three hours in order to convert the uramino-acid 
first formed in the alkaline solution into hydantoin-propionic acid. The mixture 
is next transferred to a capacious flask and evaporated to dryness under 
diminished pressure. The residue is then extracted with boiling alcohol, thus 
dissolving the acid and leaving sodium and potassium chlorides undissolved. 
The alcoholic solution is at once diluted with water and the alcohol removed 
by evaporation. Hydantoin-propionic acid slowly crystallises out of the con- 
centrated solution in a yield fully equal to the weight of glutamic acid taken. 
The direct evaporation of the alcoholic solution without dilution with water 
should be avoided, as in this case an uncrystallisable syrup frequently results, 
possibly owing to ester formation. 

Bromination of hydantoin-propionic acid. The first point to be investi- 
gated concerned the proportion of hydrobromic acid formed on acting upon 
hydantoin-propionic acid (1 mol.) with bromine (1 mol.) in glacial acetic acid 
solution. The experiments were conducted in small sealed tubes which, after 
heating at 90° until all the bromine had disappeared, were opened under 
water, acidified with nitric acid and the hydrobromic acid estimated volu- 
metrically with standard silver nitrate solution. Appropriate blanks were 
carried out and the necessary corrections made. In experiments employing 
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0-2 g. of the acid and an equivalent amount of bromine in 1 cc. of glacial acetic 
acid, it was found that hydrobromic acid was liberated equivalent to from 
1-5-1-78 molecular proportions. Slightly higher results were obtained on in- 
creasing the dilution with acetic acid and lower results if the solvent were 
reduced. It was therefore clear that a large proportion of any bromine entering 
the hydantoin-propionic acid molecule was removed as hydrobromic acid, but, 
as was subsequently found, the unsaturated products formed can again take 
up hydrobromic acid under suitable conditions. 

On brominating larger quantities of the hydantoin-propionic acid dissolved 
in six parts of glacial acetic acid, as above described, and then mixing the 
resulting solution with water and crystallising after evaporation, a light yellow 
substance was obtained melting indefinitely around 210-220°. Under the 
microscope it was clearly seen to be a mixture and contained about 35 °%, 
carbon, 3 % hydrogen and about 20 % of bromine. This mixture furnished 
hydantoin-f-bromopropionic acid on repeated crystallisation from hydro- 
bromic acid solution, while on reduction with zine dust it gave hydantoin- 
f.y-propenylic acid, as described later. The yield of crystalline mixture ob- 
tained amounted to about half the weight of acid brominated. 

Hydantoin-B-bromopropionic acid. The preceding experiments clearly 
indicated that the bromine derivative of hydantoin-propionic acid was almost 
surely formed by the secondary addition of hydrobromic acid to an un- 
saturated intermediate product (hydantoin-f.y-propenylic acid). It was there- 
fore probable that it could best be prepared in a medium already containing 
preformed hydrobromic acid. Five parts of aqueous hydrobromic acid (50 °%) 
were tried with satisfactory results, but the best yields were obtained as 
follows. 

Hydantoin-propionic acid, 17-2 g., is boiled with 30 cc. of glacial acetic acid 
in a strong flask and while the mixture is still fairly hot, 35 cc. of glacial acetic 
acid previously saturated with hydrobromic acid at 0° are added and the 
mixture at once cooled under the tap. The acid will now readily dissolve and 
remain in solution. Bromine, 16 g., is added and the flask is then closed and 
gently warmed at about 60°-70° on a water-bath. In the course of an hour or 
two, the whole of the bromine will disappear and the mixture is then allowed 
to stand in a cool place for a day or two. After a time, a crop of white crystals 
separates and is removed by filtration, using an asbestos pad on a porcelain 
funnel. On concentrating the mother liquor under reduced pressure, further 
crops may be obtained leaving a thick syrup as mother liquor. The crystals 
are recrystallised from boiling 30 % hydrobromic acid and separate as per- 
fectly white cubes and rhombic prisms melting at 228-230° with effervescence 
and turning deep brown in colour. If crystallised from water, slight decom- 
position takes place, giving a yellowish product. The yield amounts to 
9-11 g. The substance reacts as a monobasic acid to litmus. On titrating 
0-25 g. with N/10 sodium hydroxide 10 cc. were required, equivalent to a 
molecular weight of 250, compared with a calculated value of 251. 
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Analysis. 0:1253 g.; 01834 CO,; 0-0309 H,0, 
0-20 ¢.; 0-0221 N (Kjeldahl), 
0-10 @.; 0-0753 AgBr, 
C H N Br 


Calculated for CygH,O,N, Br 28-7 2-78 11-1 318 

Found =e ke ae 29-0 2°74 11-0 32-0 
Hydantoin-8-bromopropionic acid is readily soluble in hot water, sparingly in 
cold water, but dissolves more easily in acetic acid. It is sparingly soluble in 
ether or chloroform. On ignition, the vapours do not give the pyrrole reaction 
with a pine splinter, but if the substance is mixed either with sodium carbonate 
or zine dust before ignition, an intense reaction 1s obtained. The whole of the 
bromine is readily removed on warming for a few minutes with strong sodium 
hydroxide solution, but it is decidedly more stable towards ammonia. On 
heating with excess of pyridine at 100°, carbon dioxide is split off together 
with the bromine, and a neutral product, melting at over 270°, results. Its 
reaction towards boiling water is described in a subsequent section and the 
action of barium hydroxide has already been referred to. The neutral salts 
are not particularly unstable, for a small amount of the acid, digested on the 
water-bath for half an hour with a suspension of chalk in water, lost only 
about a third of its bromine. 

Hydantoin-£-bromopropionic acid (1 part) was reconverted into hydan- 
toin-propionic acid by warming it on the water-bath with granulated zine 
(3 parts) and 50% acetic acid (10 parts). The solution was evaporated to 
dryness, dissolved in water and the zinc removed with hydrogen sulphide. 
On concentrating the filtrate, the hydantoin-propionic acid readily crystallised, 

Hydantoin-B.y-propenylic acid. This acid was separated from the mixture 
of crystalline substances resulting from the bromination in acetic acid solution 
of hydantoin-propionic acid, as described in the preceding section. The mixture 
(5 g.) was boiled for one hour with zine dust (20 ¢.) and water (400 cc.). The 
bulk of the hydantoin-£-bromopropionic acid is completely decomposed by 
this treatment and the remainder reduced to the very soluble hydantoin- 
propionic acid, while the unsaturated acid is substantially unaffected. On 
filtering and concentrating the filtrate to small bulk. a deep yellow zine salt, 
moderately soluble in water but insoluble in alcohol, crystallises out. This was 
filtered off, dissolved in hot water, the zinc removed with hydrogen sulphide 
and the filtrate again concentrated. About 0-7 g. of a sulphur yellow com- 
pound, crystallising in fine hexagonal prisms, was obtained. It is readily 
soluble in hot water and fairly soluble even in cold water. It melts at 222—223° 
without darkening and gives a solid sublimate. It gives a strong cherry red 
colour with diazobenzenesulphonic acid in the presence of sodium hydroxide, 
thus resembling glutaconic acid, of which it may be regarded as a derivative. 
On warming with silver nitrate and ammonia, very little or no reduction takes 
place. On treatment with B-naphthol and excess of concentrated sulphuric 
acid it gives a clear yellowish green solution in the cold, turning suddenly 
violet red on gentle warming. The pyrrole reaction is positive. The acid re- 


<_r< 


poe & 


HYDROXYGLUTAMIC ACID 409 


duces permanganate freely in sodium carbonate solution, and absorbs bromine 
or hydrobromic acid in acetic acid slowly in the cold but readily at about 80°, 


Analysis. 0-1598 g.; 0-2468 CO,; 0:0512 H,0. 


C H 
Calculated for C,H,O,N, ... 2°3 3:53 
Found : ee a6 42-1 3°55 


Hydantoin-B-chloropropionc acid. This compound was obtained by warm- 
ing in a sealed tube at 95° hydantoin-propionic acid (8-6 g.) dissolved in fuming 
hydrochloric acid (40 ce.) and bromine (8-0 ¢.). The whole of the bromine 
disappeared in less than an hour. When the tube was kept in a cold place 
for a couple of days about 3 g. of crystals separated, and further small amounts 
of less pure material were obtained on concentrating the mother liquor under 
reduced pressure. The substance was purified by recrystallisation from 20 % 
hydrochloric acid, in which it is readily soluble when hot but sparingly soluble 
in the cold. It crystallises in rectangular plates which are without colour when 
pure. On recrystallising from water they become yellowish. The reactions of 
the substance are identical with those of the corresponding bromine compound 
already described. Using litmus paper as indicator, the substance reacts as a 
monobasic acid—-0-2 &. required 9-77 cc. of N/10 sodium hydroxide equivalent 
to a molecular weight of 206—the theoretical value being 206-5. 

Analysis. 0-1299 g.: 0-1660 CO,; 0-0381 H,0, 


0-20 ¢.; 0:-0266 N (Kjeldahl), 
0:10 ¢.;  0-:0682 AgCl. 


C H N Cl 
Calculated for C,H,O,N,Cl 34-9 3°39 13-5 17-2 
Found as ae sais 34:9 3°26 13-3 16-9 


Hydantoinacrylic acid. Hydantoin-f-bromopropionic acid (10¢.) was 
boiled with water (200 cc.) under a-reflux condenser for three or four hours. 
The solution was then concentrated to about 50 cc. and allowed to crystallise. 
The yellow crystals thus separated were again boiled for a short time with 
sufficient fresh distilled water to dissolve them and allowed to crystallise 
again. On diluting the first mother liquor, again boiling and concentrating 
to small bulk, a little more of the crystalline product may be obtained. The 
total yield amounts to 15-20 °% of the theoretical. It should be tested for the 
absence of bromine and if any is found it should be again boiled with water, 
or alternatively it may be dissolved in excess of warm sodium hydroxide and 
then precipitated with hydrochloric acid. The substance when pure is sparingly 
soluble in cold water and only moderately so in hot water. It crystallises in 
rosettes of sulphur yellow needles melting at 256—258° with effervescence. It 
is very sparingly soluble in acetic acid, alcohol or ethyl acetate. It does not 
react with phenylhydrazine acetate but reduces ammoniacal silver solutions 
on boiling. It does not reduce mercuric chloride. Bromine and hydrobromic 
acid in acetic acid solution are absorbed slowly when cold, but ceadily on 
warming, Diazobenzenesulphonic acid gives a strong cherry red reaction with 
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a trace of the acid dissolved in sodium hydroxide. The substance reacts as a 
monobasic acid to litmus—0-1427 g. required 8-8 cc, N’/10 sodium hydroxide, 
though the end point was not perfectly sharp. This titration is equivalent to 


a molecular weight of 162 compared with a calculated value of 170, 


Analysis. 0-1405 g.; 0:2179 CO,; 0-0480 H,O, 
0-1425 g.; 0-0248 N (Kjeldahl). 


8, H N 
Calculated for C;H,O,N, ... 42-3 3:53 16-5 
Found ar Ar ye 42-1 3°81 16-7 


f-Hydroxyglutamic acid. Hydantoimacrylie acid (2 g.) was boiled under a 
reflux condenser with recrystallised barium hydroxide (20¢.) and: water 
(60 ec.). At the top of the condenser a small absorption bulb was placed con- 
taining standard sulphuric acid and a little alizarin as indicator. Whenever 
the contents of the bulb became alkaline owing to absorption of ammonia, 
| cc. more normal acid was added. In this way it is possible to follow the 
course of the hydrolysis and to stop the heating after ammonia has been 
liberated equivalent to half the nitrogen of the hydantoinacrylic acid. From 
5-6 hours were usually sufficient to complete the reaction and more prolonged 
boiling is disadvantageous. The solution in the flask, which was turbid from 
separation of barium carbonate but was no longer yellow, was made acid to 
Congo-red with sulphuric acid and filtered from barium sulphate. Thé solution 
was then concentrated to about 20 cc. on the water-bath and while still acid 
to Congo-red silver nitrate (5 ¢.) added. The small precipitate containing 
traces of silver chloride was filtered off and the silver salt of the amino-acid | 
was precipitated from the filtrate as previously described for the natural acid 
[Dakin, 1918]. It is important to use pure alkali especially free from silica. 
The silver salt mixed with excess of silver oxide was filtered off and thoroughly 
well washed with cold water. It was then suspended in water (20 cc.) and 
completely decomposed with hydrogen sulphide. The filtrate from the silver 
sulphide was then concentrated to about | cc. in volume at a temperature of 
not over 50°. Absolute alcohol in excess was then added to the syrup with 
stirring and the sticky mass of amino-acid thoroughly well washed with alcohol. 
It was then dissolved in a few drops of cold water, in which it dissolves with the 
greatest ease, and reprecipitated with alcohol. The acid separates out as a 
white granular powder which is apt to be sticky if much water is present. It 
is dried 7m vacuo over phosphorus pentoxide at room temperature since it very 
readily passes over to hydroxypyrrolidonecarboxylic acid on heating. It was 
not found possible to crystallise the acid satisfactorily and its solutions when 
allowed to evaporate in vacuo gave a brittle glassy mass. The yield of amino- 
acid from 2 g. of hydantoinacrylic acid varied from 0-3-0:4 g. 

Like the natural acid, the synthetic product gives the pyrrole reaction on 
heating, which is intensified on igniting with zinc dust. On coupling with 
diazobenzenesulphonic acid in sodium carbonate solution an orange red colour 

.is obtained, while with sodium hydroxide as alkali, a deep cherry red is 
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obtained which is intensified on heating. The reaction is sensitive to about 
1: 1000. On warming with f-naphthol and excess of concentrated sulphuric 
acid a greenish-yellow fluorescent solution is obtained similar to that given 
by malic acid (Pinerua). Its conversion through loss of water on heating to 
105° into a hydroxypyrrolidonecarboxylic acid is also characteristic. 

As stated earlier, a small amount of the amino-acid may be obtained by the 
direct decomposition of hydantoin-6-bromopropionic acid with barium hy- 
droxide, but by far the larger part of the acid undergoes profound decom- 
position with rupture of the carbon chain and the yield of amino-acid is 
extremely small. Better results may be obtained by hydrolysing the hydan- 
toin-B-bromopropionic acid (5 g.) by heating in a sealed tube for four to five 
hours with five parts of fuming hydrochloric or hydrobromic acid. The con- 
tents of the tube are evaporated under reduced pressure, milk of lime is then 
added until the acid reaction to Congo-red is almost but not quite abolished 
and the diluted mixture (200 cc.) is then boiled for a couple of hours. Excess 
of lime (5 g.) is then added and boiling resumed until ammonia is no longer 
evolved. Excess of lime is removed by a current of carbon dioxide and the 
filtcate containing the calcium salt of the amino-acid is concentrated at low 
temperature to a volume of about 10 cc. The calcium salt is then precipitated 
by alcohol, leaving the bulk of the calcium chloride or bromide in solution. 
The white, very soluble calcium salt is dissolved in water, and the calcium re- 
moved exactly with sodium oxalate. Residual traces of chlorides and bromides 
are removed with silver nitrate after acidifying with a little sulphuric acid and 
then the amino-acid is precipitated as silver salt as previously described and 
the latter decomposed with hydrogen sulphide. The concentrated aqueous 
solution of the amino-acid is twice precipitated with alcohol as described in 
the preceding paragraph. The acid thus obtained appears to be identical with 
that from hydantoinacryvlic acid. 

In some cases, an additional precipitation of the acid was effected by pre- 
cipitation of its aqueous solution with mercuric acetate in feebly acid or 
neutral solution. The white mercury precipitate was washed with water, then 
with alcohol and finally decomposed with hydrogen sulphide in the usual way. 
Occasionally this procedure is useful for removing traces of inorganic im- 
purities. 

For analysis, the acid was dried at room temperature over phosphorus 
pentoxide at 2 mm. pressure. 

Analysis. 0-1979 g.; 0-2670 CO,; 0-1008 H,O, 
0-1022 g.; 0-1399 CO,; 0-0483 HO, 
90-0100 g.; 1-46 ec. N at 17° and 752 mm. (van Slyke). 


C H N 
Calculated for C;H,O;N ... 36-8 5-52 8-59 
Found Sc sc ch 36:8 5:66 8:34 
Sic Me OI 


On heating the acid either under normal or reduced pressure, water is evolved 
28—2 


412 Hl. D. DAKIN 


freely in the neighbourhood of 100° and the substance is converted mainly into 
hydroxypyrrolidonecarboxyhie acid. Thus on heating 46-2 mg. of the acid for 
one hour at 105-107°, the product on treatment with nitrous acid gave only 
0-48 ce. nitrogen, equivalent to 0-58 °%, of nitrogen in the NH, form, indicating 
that about 93 °% of the acid had been decomposed. An analysis of such a dried 
product is appended: 


Analysis. 0:1168 g.; 0:1783 CO,; 0-0542 H,0O. 


CO H 
Calculated for C;H,O,N ... 41-3 4-9 
Found "oe oe ee 41-7 5-02 


The copper salt of 1-B-hydroxyglutamic acid is a clear blue-green salt which 
is very soluble in water but insoluble in alcohol. It resembles the copper salt 
of the natural active acid except that it appears a shade less blue and more 
green. It was prepared in the usual way by digesting an aqueous solution of 
the acid with excess of well-washed ‘copper hydroxide. After filtering off the 
excess of copper oxide, the solution should be evaporated at a low temperature, 
as prolonged heating is apt to cause the separation of a little copper oxide. 
The concentrated aqueous solution of the copper salt was precipitated with 
alcohol and dried first over sulphuric acid and then in the oven at 100°. 


Analysis. 0:1681 g.; 0:1591 CO,; 0-:0497 H,O; 0-0566 CuO, 


0-:0200 g.; 2-1 ec. N at 13° and 752 mm. (van Slyke). 

C H N Cu 
Calculated for C;H,O0;NCu 26:7 3:12 6-23 28-3 
Found ze Ba 26-0 3-28 6-12 27:7 


The calcium salts of i-B-hydroxyglutamic acid are very soluble in water but 
insoluble in aleohol. They are precipitated as white powders on adding alcohol 
to their aqueous solutions. The acid calcium salt was obtained by warming 
the acid with calcium carbonate in water and was found to contain 11-3 % 
calcium (calculated 11-0). The “neutral” salt which is strongly alkaline in 
reaction towards litmus, was obtained by using excess of milk of lime and pre- 
cipitating with alcohol. It contained 20-0 % calcium (calculated 19-9). It is 
decomposed, but incompletely, by passing carbon dioxide into its aqueous 
solution. 

The strychnine salt of 1-B-hydroxyglutamic acid was prepared by warming 
a concentrated solution of the acid with twice its weight of strychnine and 
adding methyl alcohol (10 parts). When all the base had dissolved, the water 
and alcohol were removed under diminished pressure and the sticky residue 
was crystallised from ten parts of boiling butyl alcohol. On standing, rosettes 
of needles separated out, which were readily soluble in water or methyl 
alcohol, but less so in ethyl or butyl alcohol. 


Analysis. 0-1192 g.; 0-2750 CO,; 0-0666 H,O. 


1a 
Calculated for C,,H,,0,N3... 62-8 6-24 
Found 968 oar ae 62-9 6-21 
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Malic semi-aldehyde. 


Malic semi-aldehyde or B-hydroxy-y-aldehydobutyric acid was obtained 
by the hydrolysis of its acetal, y-diethoxy-6-hydroxybutyric acid, which was 
in turn obtained by the reduction of y-diethoxyacetoacetic ester already pre- 
pared by Dudley and the writer [1914]. 

y-Diethoxy-B-hydroxybutyric acid. Ethyl y-diethoxyacetoacetate (21-8 g.) 
together with alcohol (20 cc.) were mixed with 180 cc. of water. The mixture 
was surrounded by an ice bath and thoroughly agitated with a mechanical 
stirrer. 4 °/, sodium amalgam (200 ¢.) was added fairly rapidly and but little 
gas was evolved until the reduction was complete at the end of about seven 
hours. The mixture was allowed to stand overnight and then saturated with 
carbon dioxide and evaporated almost to dryness under reduced pressure. In 
the earlier experiments the sodium salt of the hydroxy-acid was extracted by 
hot methyl alcohol in which it is freely soluble, but later this step was avoided 
as follows: 25 °% sulphuric acid was added to the thick residue until the mix- 
ture was acid to Congo-red and an oily layer separated out. The oil was at 
once extracted with ether and the aqueous layer again shaken with ether. The 
ether extract was washed with a few drops of water, dried over sodium sulphate 
and evaporated. The oil which weighed about 14 g. after drying over sulphuric 
acid was practically pure as judged by analysis. On distilling the acid under 
reduced pressure, there is a good deal of decomposition; about half of it is 
obtained as a clear oil boiling at 120° under 5 mm. pressure. 

Analysis. 0-1558 g.; 0-2860 CO,; 0-1186 H,0, 
01285 e. (distilled); 0-2341 CO,; 0-0935 H,0. 


H 
Calculated for C,H,,0O;  ... 50-0 8-33 
Found : soe she 50-1 8-45 
= mete “ae Se 49-7 8-08 


The acid is a sour smelling oil suggestive of butyric and hydroxybutyric 
acids. It mixes readily with a little water but is precipitated on diluting, 
finally again dissolving in about six parts of cold water. It does not decolorise 
bromine even after distillation and is readily soluble in ether and chloroform, 
and to a noticeable extent in petroleum ether. The salts are almost all very 
soluble and do not crystallise easily. The sodiwm salt soluble in methyl alcohol 
has already been referred to. The zinc salt is very soluble and is not precipi- 
tated by alcohol. When its solutions are evaporated in a desiccator, it 1s 
obtained as clear brittle semi-crystalline flakes which melt at a low tempera- 
ture. On adding silver nitrate to a 3 % solution of the sodium salt, no pre- 
cipitation occurred in the cold but, on warming, prompt reduction took place. 
The acid when titrated with alkali, using phenolphthalein as indicator, gave the 
following result: 0-2850 ¢. neutralised 15-0 cc. N/10 sodium hydroxide, giving 
a molecular weight of 190 compared with a calculated value of 192. 

Malic semi-aldehyde. y-Diethoxy-B-hydroxybutyric acid (15 g.) prepared 
as just described was gently boiled with 50 cc. of 0-2 N sulphuric acid for 
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about an hour. After a few minutes, the whole of the oil dissolved. An amount 
of barium hydroxide exactly equivalent to the sulphuric acid was then added 
and the barium sulphate removed by filtration. The filtrate was evaporated 
under reduced pressure at not over 45°, when a clear syrup, readily soluble in 
water and alcohol but sparingly soluble in ether or chloroform, was left behind. 
It was impossible to distil the substance without decomposition and it did not 
erystallise. The yield of dry syrup was 8 g. It is inadvisable to treat the sub- 
stance with strong alcohol for any length of time since either acetal or ester 
formation takes place easily. A portion was however dissolved in alcohol, 
filtered from a trace of inorganic impurities, at once diluted with water and 
then concentrated. It was finally dried over phosphorus pentoxide im vacuo 
and analysed with the following result: 


Analysis. 0:1454 g.; 0-2185 CO,; 0-0721 HO. 


C H 
Caleulated for C,H,0O, Sas 40-7 5-09 
Found 356 ee 500 41-0 5-51 


The complete purity of the product can hardly be anticipated since it could 
be neither distilled nor crystallised, but the results indicate no great amount of 
impurity. On titrating with alkali, using phenolphthalein as indicator, 0-1560 g. 
required 12-8 cc. N/10 sodium hydroxide, equivalent to a molecular weight 
of 122 compared with a calculated value of 118. 

Malic semi-aldehyde reduces ammoniacal silver solutions on warming and 
instantly in the cold in the presence of sodium hydroxide. It gives a strong 
reaction with Schifi’s reagent, especially if the reagent is dilute and not ex- 
cessively acid. Bromine water oxidises the aldehyde freely, and on warming 
with excess of sodium hydroxide it gives inactive malic acid which was 
identified through its lead salt. It reacts with phenylhydrazines, but with the 
exception of p-nitrophenylhydrazine the osazones formed are not very attrac- 
tive. On mixing the aldehyde in aqueous solution with semicarbazide hydro- 
chloride, preferably without addition of alkali, a good yield of semicarbazone is 
obtained crystallising in prisms melting at 211° with effervescence. 


Analysis. 0-1287 g.; 0-1630 CO,; 0-0580 H,0. 


C Bf 
Calculated for C;H,O,N, ... 34:3 5-14 
Found ii LS 555 34:5 5-00 


Action of ammonia and hydrocyanic acid on malic semi-aldehyde. The 
attempts to utilise Strecker’s method for the synthesis of B-hydroxyglutamic 
acid were made with 10 % alcoholic solutions of the aldehyde, adding an- 
hydrous hydrocyaniec acid (1 mol.) together with a few drops of alcoholic 
ammonia and then adding alcoholic ammonia (2 mols.) on the second day. 
The conditions were substantially those used by Fischer in his synthesis of 
serine. On the third day, fuming hydrochloric acid was added for the purpose 
of hydrolysing any amino-cyanohydrin that might be formed. In other experi- 
ments, the ammonia was added first and the hydrocyanic acid later, but the 
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results were no better. After saturating with hydrochloric acid and boiling 
for an hour, the mixture was evaporated to dryness and the residue extracted 
with alcohol, leaving most of the ammonium chloride behind. The alcohol was 
then removed by evaporation and the solution made alkaline with sodium 
carbonate and boiled to remove ammonia. The solution was then just acidified 
with acetic acid and precipitated with mercuric acetate. The small precipitate 
was decomposed with hydrogen sulphide and any f-hydroxyglutamic acid was 
isolated as silver salt after removing traces of chlorides. 10 g. of the aldehyde 
yielded about 0-25 g. of silver salt equivalent to 0-11 ¢. of acid and on analysis 
it was found to be decidedly impure. It gave, however, the qualitative re- 
actions for 8-hydroxyglutamic acid previously described, so that it is not im- 
probable that a minute amount of the amino-acid had been formed. But it 
was clear that at any rate in its present form the synthesis was not a practicable 
one. 


Experiments with derivatives of acetonedicarboxylic ester. 


The direct reduction of a-isonitroso-acetonedicarboxylic ester gave un- 
satisfactory results, as already stated. The nitroso-compound was prepared 
in large quantities according to Pechmann’s [1891] directions, and practically 
every reducing agent that had any prospect of success was tried. The reduction 
in either acid or neutral media gave products that on analysis furnished 
results similar to those required for B-hydroxyglutamic acid or its anhydride, 
but the product was mostly not an amino-acid as judged by the nitrous acid 
reaction, nor did it give an amino-acid as the main product on warming with 
mineral acids. For reasons already given, it was decided to attempt to lessen 
the reactivity of the carbonyl group of the acetonedicarboxylic ester and its 
nitroso derivative by condensation with orthoformic ester, since as shown in 
the following section, the ethoxyglutaconates thus formed may be reduced by 
sodium amalgam to f-hydroxyglutaric acids. 

Reduction of B-ethoxyglutaconic ester. Diethyl B-ethoxyglutaconate was pre- 
pared by the condensation of acetonedicarboxylic ester and orthoformic ester 
with acetyl chloride as described by Claisen (cp. D.R.P. 80739) and the product 
was fractionated under reduced pressure. The ester (10 g.) was mixed with 
alcohol (75 ec.) and water (75 cc.) and then reduced with 4 % sodium amalgam 
(100 g.) which was added rapidly. The reaction, which was slow, was carried 
on at first in an ice bath with constant stirring, but later at room temperature. 
After standing overnight, phenolphthalein was added and the solution exactly 
neutralised with nitric acid. The filtered solution was then precipitated with 
excess of silver nitrate solution and the silver salt washed with water. A 
portion of the silver salt on ignition was found to contain 59-0 % of silver 
compared with 59-6 for silver B-hydroxyglutarate and 55-4 % for silver 
B-ethoxyglutarate. That B-hydroxyglutaric acid was the main or sole product 
of the reaction was proved by decomposing the remaining silver salt suspended 
in water with hydrogen sulphide, and evaporating the filtrate. The residue 
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crystallised completely and, after spreading on a porous plate and washing 
with a little ether, melted at 93-95°. The yield was 55 °% of the calculated, 
The S-hydroxyglutarie acid was further identified by its bis-phenylhydrazide 
prepared by warming the acid with three parts of phenylhydrazine for 15 
minutes at 120°. The substance erystallised from glacial acetic acid in fine 
white needles melting at 234-235° as described by Pechmann. The free acid 
was also analysed: 


Analysis. 0:1265 g.; 0-1878 CC 4; 0-0623 H,O. 


(e: H 
Caleulated for C;H,O, me 40-5 5-41 
Found hist sa nee 40-5 5-47 


a- Nitroso-B-ethoxyglutaconic ester (2). On adding ethyl orthoformate 
(1 mol.) to @-nitroso-acetonedicarboxylic ester (1 mol.) no obvious reaction 
takes place, but on adding an acid catalyst, such as acetyl chloride or a little 
aleohole hydrochloric acid, a vigorous reaction occurs with liberation of heat. 
On warming to 60° under diminished pressure, ethyl formate and, when 
acetyl chloride has been used, ethyl acetate are found in the distillate. The 
residual product is apparently a mixture of the @-nitroso-B-ethoxyglutaconic 
ester with unchanged «-nitroso-acetonedicarboxylic ester, as judged by the 
results of elementary analysis. The former compound requires 50-9 % carbon, 
6-57 % hydrogen, the latter requires 46-7 % carbon and 5-63 % hydrogen. 
The observed results varied from 46-0-50-1 °% carbon and 5-65-6-61 °% hy- 
drogen. It would therefore appear as if the ethoxy-compound were readily 
reconvertible into the ketonic ester. 

The ease with which the ethyl group of ethoxyglutaconic ester could be 
eliminated on reduction has been shown in the foregoing. A further example 
is furnished by the action of excess of amyl nitrite (2 mols.) on B-ethoxygluta- 
conic ester (1 mol.) in the presence of 2 % of aleoholic hydrochloric acid. A 
crystalline product was readily separated which proved to be hydroxyisoxa- 
zoledicarboxylic ethyl ester. It crystallised from alcohol in needles melting 
at 104° as described by Pechmann. 


Analysis. 0-1835 g.; 0-3162 CO,: 0-0820 H,0. 


C H 
Calculated for C,H,,O,N  ... 47-0 4-80 
Found : a 5c 47-2 4-96 
The reaction may be represented as follows: 

COOC,H, COOC,H, 

bn bo 

docu, > on 

bn, ba 

bone, Looosr, 


The preceding reactions clearly indicated the difficulty that was likely to be 
encountered in obtaining pure q@-nitroso-f-ethoxyglutaconic ester starting 
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either from ethoxyglutaconic ester or a-nitroso-acetonedicarboxylic ester. 
Accordingly the products of the interaction of a-nitroso-acetonedicarboxylic 
ester (1 mol.) and orthoformic ester (1 mol.) after standing with a trace of 
alcoholic hydrochloric acid for 24 hours at room temperature were reduced in 
50 % alcoholic solution without further purification, using a large excess of 
sodium amalgam at 0°. The reaction was kept feebly acid with sulphuric acid 
at first and later was allowed to become alkaline. A current of carbon dioxide 
was passed during the reaction which lasted 12-18 hours. As stated in the 
introduction, the isolation of the products of the reaction is difficult and has 
not been satisfactorily solved. The separation of the products by precipitating 
with mercuric acetate and then isolating the silver salt of the acid contained 
in the mercury precipitate gave a product which resembled hydroxyglutamic 
acid in its properties but was accompanied by other substances closely similar 
in elementary composition. It may be mentioned that a small amount of 
apparently pure 8-hydroxyglutamic acid and its copper salt have been isolated 
with great difficulty, but much further work is needed to clear up the course 
of the reaction and the sharp separation of the products. The study of the 
reaction will be continued. The purest specimen of acid hitherto obtained by 
the foregoing method contained 36-4 % carbon, 5-63 °% hydrogen and 8-4 % 
amino-nitrogen. The copper salt, which was greenish-blue resembling that 
obtained by alternative methods, contained 29-4 °% of copper and 6-15 % 
nitrogen. These results are in fair agreement with the calculated figures. But 
this method of synthesis in its present form is much less satisfactory than that 
from hydantoin-propionic acid previously described. 


Il. THe p-NITROPHENYLOSAZONES OF MALIC SEMI-ALDEHYDE AND 
TARTRONIC SEMI-ALDEHYDE. 


One of the main pieces of evidence which led the writer to assign to the 
amino-acid separated from caseinogen [1918] the structure of B-hydroxy- 
glutamic acid was the fact that on oxidation it gave an aldehyde (II) which 
reacted with p-nitrophenylhydrazine to give a well-defined osazone (IIT), thus 
indicating that the amino and hydroxyl groups were attached to contiguous 
carbon atoms. 

COOH 
CHNH, CHO ee a Ea 
CHOH + CHOH - O:N-NH-C,H,NO, 


‘a OH CH, 
| 
COOH COOH COOH 
(1) (11) (IID) 


It appeared desirable, in order to confirm this deduction, to prepare the 
osazone in some entirely independent fashion, and this has now been done 
and the apparent identity of the products established. The preparation of its 
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lower homologue is also described, a substance which has since been obtained 
by the oxidation of hydroxyaspartie acid. The synthesis of the latter amino- 
acid from chloromalie acid will be described in a separate communication. 

Malic semi-aldehyde p-nitrophenylosazone. y-Diethoxyacetoacetic ester 
[Dakin and Dudley, 1914] (8 g.) was shaken with 15 ce. of normal sodium 
hydroxide at room temperature and the mixture allowed to stand overnight. 
The solution was then neutralised with dilute sulphuric acid and unchanged 
ester removed by extracting twice with ether. The aqueous solution was then 
made decidedly acid to Congo-red with more sulphuric acid and nitrophenyl- 
hydrazine (3 g.) dissolved in 15 ce. of glacial acetic acid was added. An 
immediate precipitate was formed and the reaction was completed by heating 
for 20 minutes on the water-bath. The precipitate was filtered off, washed well 
with warm methyl alcohol and recrystallised from boiling nitrobenzene. The 
yield was 1:0 g. The reactions may be represented as follows: 


C.H,O  OC,H; C,H;,O O0C,H, 


Dee ps 
CH CH CH:N-NH-C,H,NO, 
| | | 
GO =) CO +» O:N-NH-C,H,NO, 
| | | 
CH, CH, CH, 

| | 
booon : COOH COOH 
Analysis. 0-1856 g.; 0-3470 CO,; 0-0650 H,0. 
C H 
Calculated for C,,H,,0,Ng... 51-1 3°72 
Found ac 3e¢ 51-0 3°89 


The osazone is sparingly soluble in most organic solvents but it dissolves very 
readily in boiling nitrobenzene, crystallising out on cooling in the form of deep 
brown-red thick prismatic needles. It dissolves readily in pyridine even in the 
cold forming a salt, but is practically insoluble in water, alcohol, ether or 
chloroform. Its melting point varies considerably with the rate of heating and, 
if this is slow, may be as low as 275°, while with rapid heating it is 289-291° 
(uncorr.) or 297—299° (corr.). Its melting point was unchanged on mixing it 
with the osazone prepared from natural B-hydroxyglutamic acid as described 
previously [ Dakin, 1918]. On adding alcoholic sodium hydroxide to a trace of 
the substance, a clear blue coloration is obtained, characteristic of two adjacent 
nitrophenylhydrazine groups. 

Tartronic semi-aldehyde p-nitrophenylosazone. A solution of tartronic semi- 
aldehyde (II) was obtained according to Fenton’s [1905] directions. Dihy- 
droxymaleic acid (I) (1-48 g.) was added to mercuric chloride (5-5 g.) in water 
(15 cc.) and the mixture kept at 65-70° for an hour. The solution was then 
filtered from calomel and the residual mereury removed with hydrogen sul- 
phide. Excess of hydrogen sulphide was removed by exposure to reduced 
pressure and then nitrophenylhydrazine (3-5 @.) dissolved in hot glacial acetic 
acid (15 cc.) was added. An immediate red precipitate was formed and the 
mixture was warmed for 20 minutes on a steam bath. The osazone (III) was 
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then filtered off and well washed with warm methyl alcohol. The yield was 
2-2 9. The reactions may be represented as follows: 


COOH COOH COOH 
box = Lom, = b.N-NH - C,H,NO, 
tox box b : N-NH-C,H,NO, 
re 

(I) (11) (11) 


The osazone is sparingly soluble in alcohol, ether or chloroform, but readily 
dissolves in pyridine with formation of a salt which does not readily separate 
out. The osazone can be recrystallised from boiling nitrobenzene but it is much 
less soluble than the preceding osazone and the crystalline form is quite 
different. It separates from nitrobenzene solution in nodular rosettes of fine 
needles with a few separate long fine needles. The melting point of the re- 
crystallised substance is about 302° uncorr. (310° corr.) with effervescence. 
Slight darkening occurs above 270°. A trace of the substance dissolved in 
alcoholic sodium hydroxide with an intense clear blue colour. 

Analysis. 0:1780 g.; 03192 CO,; 0:0570 H,0O. 


C H 
Calculated for C,;H,,0,N¢..- 48-9 3°23 
Found ju ane ce 48-9 3-56 


An identical osazone has been obtained from the oxidation products of syn- 
thetic hydroxyaspartic acid, under the same conditions as those used for the 
oxidation of B-hydroxyglutamic acid. 


III. OpricaL AcTIVITY OF NATURAL B-HYDROXYGLUTAMIC ACID. 


In the first communication on 6-hydroxyglutamic acid [ Dakin, 1918] from 
caseinogen it was stated that “in aqueous solution the substance shows a low 
dextro-rotation which is increased on addition of hydrochloric acid.’’ The 
difficulties in obtaining trustworthy observations on the optical activity of 
the acid are mainly two-fold. In the first place, the difficulty of satisfactorily 
recrystallising the acid and the fact that its purification as then described 
rested almost as much on methods for the removal of other substances as for 
the direct separation of the acid in some characteristic form. The second 
difficulty was not appreciated at the beginning of the work and was the cause 
of considerable confusion until it was established that d-6-hydroxyglutamic 
acid passed over into a laevorotatory hydroxypyrrolidonecarboxylic acid on 
evaporating its aqueous solution or drying at 100°. 

Accordingly, experiments have been made on the rotation of specimens of 
B-hydroxyglutamic acid, two of which were prepared from the repeatedly 
crystallised strychnine salt to be described in the next section, while one was 
obtained from the products of tryptic digestion, and all of them were carefully 
handled at low temperature to avoid formation of the laevorotatory anhydride. 
The observations are probably fairly accurate, though the possibility of the 
need of revision is by no means excluded. 
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It was found with all specimens that the free acid had a very slight dextro- 
rotation which was much increased in the presence of hydrochloric acid. 
Further, a dextro solution of the free acid on evaporation and drying at 105- 
110° gave a strongly laevorotatory solution which could be changed back to 
dextro on treating with hydrochloric acid—the first change in rotation on 
drying being due to the formation of hydroxypyrrolidonecarboxylic acid and 
the second to its reconversion into hydroxyglutamic acid. No apparent 
racemisation accompanied these changes. Alkaline solutions of the potassium 
or sodium salts of 8-hydroxyglutamic acid were found to be practically inactive, 
but on adding Walden’s uranium solution, a fairly strong laevo-rotation was 
observed. This behaviour shows a close analogy to malic acid and other 
hydroxy-acids. 

Specimen A was obtained as described in a previous paper | Dakin, 1918] 
and was redissolved in 50 °% alcohol, precipitated with mercuric acetate in 
feebly acid solution and the hydroxyelutamic acid obtained by decomposing 
the washed precipitate with hydrogen sulphide and evaporating at low tem- 
perature (25-30°). It crystallised readily and on combustion gave 37-0 % 
carbon and 5-57 °% hydrogen. (Calculated 36:8 °% carbon and 5:52 % 
hydrogen.) 

Specimen B was obtained by the same methods as previously employed, 
but the caseinogen, instead of being hydrolysed with sulphuric acid, was 
thoroughly digested with trypsin. The yield was disappointing, only 4:5 g. 
being obtained from 350 2. caseinogen. 

Specimens C and D were prepared similarly to A, and then converted into 
the strychnine salt (see next section) which was repeatedly crystallised and 
then decomposed with sodium carbonate. The strychnine was filtered off, 
and traces remaining in solution removed by shaking with amyl alcohol. The 
acid was then removed by precipitation with mercuric acetate in feebly acid 
solution, followed by decomposition with hydrogen sulphide. The polari- 
metric observations are recorded in the following table: 


Concen- Length of Observed 20° 
Conditions Specimen tration tube,dm. rotation aI 
Free acid in aqueous solution... A 5:43 2-2 +0-05° + 0-4° 
” ” >> B 3-0 1:0 + 0:02 Osa 
Bs “0 ene axe C 4-0 2-0 +0-08 + 10 
x 5 p D 4-0 2-0 +0-10 apy Lee 
Acid in 20 % hydrochloric acid . aes A 2-0 2:0 +0:62 +15:5 
55 59 5 B 3-0 1-0 +0-48 +16-0 
” Le oP eee eee C 1:33 2-0 + 0-43 + 16-2 
33 ty) ” eee eee D 1:33 2-0 +0:47 +17-6 
Acid dissolved in NV potassium hydroxide B 3-0 1-0 0 — 
” ” ” ” C 2-0 2-0 0 Fig 
Filtered solution from mixture containing 
0-4 N potassium hydroxide and 12 % 
uranium nitrate . A 1-08 1-0 —0-13 —12-0 
Dibto 0-2 N potassium hydroxide, and 
20 % uranium nitrate ... : C 0-60 2-2 — 0-32 — 24:3 
Acid heated 2 hours 105° ... A 1-73 2-0 — 0:37 —10-9 
°° ~ 33 B 1-0 1-0 —0-15 — 15-0 
4 C 1-20 2:0 — 0-27 —11:3 
* Solution C after heating \ With 20 YE o hy- 
drochloric acid Cz 1-20 1-0 0-20 +16-6 
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Taking a mean of the various observations, it may be stated that the apparent 
specific rotation of the free acid in 4 % solution is about + 0-8°, while a 2 % 
solution in 20 °% hydrochloric acid has a rotation of + 16-3°. The potassium 
salt apparently has a negligible rotation but is strongly laevorotatory on 
addition of uranium nitrate. The acid becomes strongly laevorotatory on 
drying at 105°, but the numbers have no great quantitative value since the 
conversion of the hydroxyglutamic acid into its anhydride is not known to be 
perfectly complete. 


IV. ALKALOID SALTS OF B-HYDROXYGLUTAMIC ACID AND RELATED ACIDS. 


One of the main difficulties in working with hydroxyglutamic acid lay in 
the paucity of simple derivatives, capable of purification by repeated crystal- 
lisation. The metallic salts are either very soluble substances that require 
precipitation by alcohol or insoluble precipitates that are incapable of re- 
crystallisation. It therefore became necessary to search for other salts with 
more acceptable properties. Of the common alkaloids only the salts of 
strychnine and brucine proved to be of value since the others mostly under- 
went hydrolytic dissociation too easily. For purposes of comparison, the 
corresponding salts of aspartic, glutamic and pyrrolidonecarboxylic acid have 
been prepared. Many of these salts are finely crystalline products and can be 
readily recrystallised from appropriate solvents but it is to be regretted that 
their melting points are not sharp in most cases, though their behaviour on 
heating is often characteristic. 

All the salts contained equimolecular proportions of base and acid and 
were prepared by dissolving the acid in warm water, then adding the alkaloid 
till the solution became neutral to litmus, and adding a little methyl alcohol 
from time to time to aid in the solution of the base. The neutral solution was 
then evaporated at low temperature to avoid hydrolytic decomposition and 
recrystallised from an appropriate solvent. The specific rotation of the salts 
was determined in aqueous solution. 

Strychnine d-B-hydroxyglutamate. The salt is very soluble in water and on 
slow evaporation of its solution separates out in the form of nodular masses 
which are spread on porous plates and recrystallised. Butyl alcohol containing 
a little water has been found to be decidedly the best solvent for this purpose. 
Methyl alcohol dissolves the salt too readily, while the solubility in ethyl 
alcohol is not much greater at the boiling temperature than at room tempera- 
ture. 5g. of the strychnine salt require about 60 ce. of butyl alcohol and will 

‘give about 3-52. of fine prismatic needles. The composition of the salt does 
not change on repeated crystallisation nor does its behaviour on heating. As 
observed in a melting point tube, a change takes place fairly sharply at a 
temperature varying from 165 to 175°, giving a white opaque waxy mass 
which does not melt till about 245°, when it gives a clear brown oil without 
effervescence. On dissolving the salt crystallised from butyl alcohol in water, 
no strychnine separates, and on evaporation long striated needles of the salt 
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erystallise out. These contain practically no water of crystallisation (0-3 °%) 
and show the same behaviour on heating as that just described. The strychnine 
salt of 6-hydroxyglutamie acid is preferable to any of the others for purposes 
of purification and characterisation of the acid. 


Specific rotation. C=1-67; l= 2dm.; a= —0:88°; [a}) = — 26°3°. 
Analysis. 0-1629 g.; 0-3760 CO,; 0-0963 H,O, 


0-1145 ¢.*; 0-2640 CO,; 0-0630 H,0O. 
* Recrystallised five times. 


Cc H 
Calculated for C,,H,,0,N, 62-8 6-24 
Rownd |)... iste ste 62-9 6:57 
“ nee Se. an 62-9 6-11 


Bricine d-B-hydroxyglutamale. This salt separates out in the form of 
needles containing water of crystallisation on evaporation of its aqueous 
solution at low temperatures. It is best purified by spreading on a porous tile, 
then warming with acetone in which it is insoluble and recrystallising the 
residue either from a little water or from methyl] alcohol. The salt crystallised 
from water begins to soften at about 90° and melts to a turbid fluid around 
110°. The anhydrous salt obtained as prismatic needles by crystallisation 
from dry methyl alcohol decomposes indefinitely above 200°. Both salts are 
extremely soluble in water and alcohol but almost insoluble in acetone. 


Specific rotation. C=1-0; 1=2-0; a= —0-50°; [aly = — 25-0°. 


Analysis. 0-1540 g.; 0-3368 CO,; 0:0905 H,0. 
C H 
Calculated for C.,H,;0,N, 60-3 6-26 
Found ... one B06 59-6 6-53 


Strychnine d-glutamate. The salt is prepared as usual but the neutral 
solution should be concentrated at low temperatures and methyl alcohol added 
by degrees to replace the water. A syrupy mass results which, on mixing with 
excess of absolute alcohol, gives stout isolated glistening prisms which dissolve 
in water without separation of strychnine. The salt is practically insoluble in 
dry methyl, ethyl or butyl alcohols, but extremely soluble in water. It begins 
to show signs of decomposition on heating above 200° and melts about 225- 
230°. 

Specific rotation. C=2-0; 1=2:0; a= —1-02°; [a] = — 25-5°. 

Analysis. 0-2217 g. dried at 100°; 0-0196 N (Kjeldahl) =8-84 °% N. 

Calculated for C,,H;,0,N; 8693 

Brucine d-glutamate. The salt crystallises from water in the form of long 
stout prismatic needles with a satin lustre. These crystals contain about 
15-5 % of water of crystallisation which is lost at 100°. This corresponds to 
between five (14-2 °%) and six molecules (16-4 °%) of water. The salt as crystal- 
lised from water dissolves readily in hot methyl alcohol and, on cooling, bright 
rhombic prisms of the anhydrous salt separate out. The water-containing salt 
dissolves less readily in ethyl or butyl alcohol. After recrystallisation from 


HYDROXYGLUTAMIC ACID 423 


methyl alcohol, the anhydrous salt is soluble only with great difficulty in any 
of the alcohols. The salt containing 5-5 mols. of water softens at about 96° 
and melts at about 101°, while the anhydrous salt slowly decomposes above 
170° but does not melt until about 240°. 

Specific rotation. C=2-0 (anhydrous); 1=2-0; a= —0-92°; [aly = — 23:0°: 

Analysis. 0-2 g. dried at 100°; 0-0154 N (Kjeldahl) =7-70 % N. 

Calculated for C,,H,;O,N3 116 > 55 

Strychnine |-aspartate. The salt is very soluble in water and separates in 
crusts which have the appearance of stout prisms to the naked eye but are 
made up of masses of fine interlacing needles. Its solubilities closely parallel 
those of the corresponding glutamate and it melts fairly sharply to a brown 
oil with effervescence around 252-255°. 

Specific rotation. C=1-164; 1=2-0; a= —0-66°; [af = ~28-3°. 

Analysis. 0-1500 g.; 0-0134 N (Kjeldahl) =8-90 9% N. 

Calculated for C,;H,,O,N; 9:0) :; 

Brucine |-aspartate. As first obtained from aqueous solution, this salt forms 
rather waxy prisms which become hard and brittle on drying and take on an 
opaque white appearance. It contains 5 molecules of water of crystallisation 
which are given off at 90°. (Water: found 14-9 %, calculated 14-6.) The salt 
is readily soluble in methyl alcohol but does not crystallise out readily on 
cooling. On adding ethyl acetate, in which it is sparingly soluble, it is’ de- 
posited as fine needles. The anhydrous salt is moderately soluble in ethyl 
alcohol and less so in butyl alcohol, but does not crystallise out readily. It is 
insoluble in acetone. The salt containing water of crystallisation softens at 
96° and melts about 100°, while the anhydrous salt decomposes indefinitely 
above 200°. : 

Specific rotation. C=1-702 (anhydrous); 1=2-0; a= —0:97°; leh = —28-4°. 

Analysis. 0-1500 g.; 0-0121 N (Kjeldahl) =8-05 % N. 

Calculated for C,,H,,0,N; fa! ee 

Strychnine |-a-pyrrolidone-carboxylate. The acid used for preparing this and 
the succeeding salt was obtained by heating glutamic acid under reduced 
pressure at 165° and then crystallising the products from alcohol. It had a 
specific rotation in water of — 5-7°, and hence was partially racemised since 
the pure laevo-acid is generally regarded as possessing a rotation of about 
— 7-2°. 

The salt crystallises from water in the form of felted fan-shaped masses of 
fine needles which are readily soluble in ethyl alcohol but sparingly soluble in 
acetone. It dissolves easily in butyl alcohol and also in chloroform but 
crystallises better from water than from any of the organic solvents. The 
salt thus obtained softens on heating at 90° and partially melts. It contains 
water of crystallisation which is lost at 100°. The anhydrous salt melts 
indefinitely but incompletely until about 245° is reached. 

Specific rotation; C=2-74; 1=2-0; a= —1-45°; Ue = —26-7°. 

Analysis. 0:2438 g.; 0-0218 N (Kjeldahl) =8-96 °6 N. 

Caleulated for C,,H,,0;N; DW © ee 
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Brucine |-a-pyrrolidone-carboxylate. This salt is better suited than the pre- 
ceding one for purposes of characterisation of the acid. On concentrating the 
neutral aqueous solution, a syrup was obtained which at once solidified to a 
mass of stout prisms. The salt is very soluble in methyl alcohol but can be 
conveniently crystallised from boiling acetone from which it separates in well- 
formed prisms. On heating the substance, decomposition can be noted as low 
as 140° and it melts with effervescence to a clear fluid from 180-195°. 


Specific rotation. C=5-0;l=2-0; a 3°15"; [aly = = SL DF. 
Analysis. 0:4619 ¢.; 0-0364 N (Kjeldahl) =7-88 %, N. 
Calculated for Cy.H,,0,Ns 8-03 


V. IDENTIFICATION OF P-HYDROXYGLUTAMIC ACID AMONG THE PRODUCTS 
OF HYDROLYSIS OF GLUTENIN AND GLIADIN. 


The experiments in the following section were made with the cooperation 
of Miss Marjorie Lord Strauss, to whom acknowledgment is due for much 
valuable assistance. 

Hydroxyglutamic acid up to the present has only been isolated from 
caseinogen, a typical animal protein, after hydrolysis with acids, with trypsin, 
and possibly to a smaller extent with barium hydroxide. There seems every 
reason to suppose that search for this amino-acid will disclose its presence in 
other proteins. The present communication records its presence in two typical 
vegetable proteins, glutenin and gliadin. 

The protein preparations were prepared from wheat flour, according to the 
excellent methods described by Osborne. The methods employed were 
practically identical with those described in the work on caseinogen [Dakin, 
1918]. Portions of 100¢. of each protein were hydrolysed by prolonged 
boiling with dilute sulphuric acid and the latter subsequently removed exactly 
with barium hydroxide. The concentrated solution of amino-acids was then 
thoroughly extracted with butyl alcohol and the aqueous residue containing 
essentially the strong acids and bases was saturated with hydrochloric acid to 
separate the bulk of the glutamic acid. The calcium salts of the acids were 
then separated by alcohol according to Foreman’s method. They were dis- 
solved in water, the calcium removed exactly with oxalic acid, and the diluted 
filtrate boiled with lead hydroxide to remove aspartic acid. Lead was removed 
from the filtrate with hydrogen sulphide and traces of bases precipitated with 
phosphotungstic acid in sulphuric acid solution. After removal of the excess 
of the latter reagents with barium hydroxide, the filtrate was made acid to 
Congo-red with sulphuric acid and concentrated to about 100 cc. The silver 
salt of B-hydroxyglutamic acid was then separated in the usual way and de- 
composed with hydrogen sulphide. The crude acid, as thus separated, was less 
pure than when prepared from caseinogen. It was purified by dissolving in 
cold 50 °% methyl alcohol and precipitating with mercuric acetate in very 
feebly acid (acetic) solution. The precipitate, on decomposition with hydrogen 
sulphide and concentration at not over 50°, gave a very soluble syrup which 
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solidified in the desiccator and had all the properties of B-hydroxyglutamic 
acid prepared from caseinogen. The yield of acid was small but undoubtedly 
the losses were considerable. 100 g. of gladin gave 2-4 9. of the acid, while 
1-8 g. were obtained from 100 g. of glutenin. It is worth noting that the yields 
of the acid from caseinogen have been found to vary enormously. At times, 
not more than 2-3 °% has been obtained in a reasonably pure state, while in 
other experiments as much as 10 % has been obtained. It is not unlikely that 
the acid, being a B-hydroxy-acid is not entirely stable to many of the reagents 
employed. The yields are generally highest when small amounts of protein are 
worked up at a time. 


Acid from gliadin. 
Analysis. 0-2112 g.; 0-2861 CO,; 0-1100 H,0. 


C H 
Calculated for C;H,O;N... 36:8 5-52 
Hounds ions a aaa 36-9 5-79 


On heating the acid previously dried over phosphorus pentoxide to 110- 
115°, water was split off and the residue, containing 40-9 % of carbon and 
5:3 °% of hydrogen, was mainly made up of hydroxypyrrolidonecarboxylic 
acid, for it contained less than 1 % of nitrogen in the (NH,) form as judged 
~ by van Slyke’s method with nitrous acid. 

The optical properties of the acid resembled those previously recorded. In 
aqueous solution [a] = + 1-0° (c = 5:87, 1= 2-0, a=+0-11°). In 20% 
hydrochloric acid (¢ = 1-96), [@]7? = + 14:0°. 

Acid from glutenin. The acid obtained from glutenin resembled the pre- 
ceding closely. It contained 37-0 °% carbon and 5:8 % hydrogen. It showed 
the characteristic decomposition on heating at 110° but its concentrated 
aqueous solution showed no detectable rotation in 10 % aqueous solution and 
in 20 % hydrochloric acid it had [a]j) = + 6-2°. It appeared therefore as if 
partial racemisation had taken place in the process of preparation, for careful 
investigation failed to indicate the presence of any other acid. The strychnine 
and brucine salts were also prepared and analysed without disclosing any other 
cause for the lower rotations. It is not unlikely that racemisation may have 
been caused by the alkali used in the preparation of the glutenin. 


VI. THE FATE OF B-HYDROXYGLUTAMIC ACID IN THE DIABETIC ORGANISM. 


The fate of B-hydroxyglutamic acid in the diabetic animal presents certain 
questions of interest. Lusk has shown that when glutamic acid (IIT) is fed to 
a starving dog fully under the influence of phloridzin, about 65 % of the weight 
of glutamic acid given reappears in the urine as “extra glucose.” The writer 
has shown that substantially the same thing is true for proline (I) and orni- 
thine (IV), both of which, like glutamic acid, contain five carbon atoms. It 
appears as if three out of the five carbon atoms were concerned in glucose 
formation, and it is not unreasonable to regard it as likely that their catabolic 
paths are similar. 
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Now f-hydroxyglutamic acid has been found to yield glucose in the diabetic 
animal in precisely the same fashion as the previously mentioned acids, This 
fact appears to the writer to possess a certain speculative significance based 
on the probability of similarity in the metabolism of all of these acids. In the 
first place, if, as appears likely, B-hydroxyglutamic acid may arise in the body 
from glutamic acid, an example is furnished of “ 8-oxidation” such as is known 
to occur in the oxidation of fatty acids, but has not hitherto been observed with 
the amino-acids. Secondly, the possible conversion of B-hydroxyglutamic acid 
into malice acid (VIT) by oxidation must be regarded as plausible for it involves 
a type of simple reaction often encountered in animal oxidation, and has, 
moreover, been effected by the writer 7m vitro. Malic acid is also stated to 
occur in sheep’s sweat in significant quantities. Now Ringer, Frankel and 
Jonas [1913] have shown that malic acid readily goes over into glucose in the 
diabetic dog, 13 ¢. of the acid furnishing 8 ¢. of glucose. A similar conversion 
of malice acid into sugar has been observed in acorns by Bloor [1912]. It is 
therefore not unlikely that malic acid is a product of the intermediary meta- 
bolism of hydroxyglutamic acid and, in turn, of the other 5-carbon acids. In 
picturing the possible further steps in the conversion of malic acid into glucose, 
one cannot avoid considering favourably the idea that it may part with carbon 
dioxide with formation of lactic acid (VIII), for this is a reaction which is 
actually known to occur as the result of enzyme activity in the case of vege- 
table cells. This change is also observed in the ageing of wines and is apparently 
affected by Micrococcus malolacticus |ep. von der Heide, 1912]. The subsequent 
conversion of lactic acid into glucose involves no difficulty. 

One other point may be referred to in connection with the role of B-hy- 
droxyglutamic acid in metabolism. The conversion of proline into glucose 
obviously requires the opening of the pyrrole nucleus. The reversibility of 
many biological reactions lends significance to the extraordinarily easy con- 
version of 8-hydroxyglutamic acid into hydroxypyrrolidonecarboxylic acid— 
and the less easy conversion of glutamic acid into a@-pyrrolidonecarboxylic 
acid (II). Such changes may well be concerned with the synthesis of substances 
containing the pyrrole nucleus, and, moreover, the reduction of pyrrolidone- 
carboxylic acids to pyrrolidinecarboxylic acids is known to be feasible 7m vitro 
from Fischer’s experiments. 

It should be noted that Ringer, Frankel and Jonas have described experi- 
ments which thev consider prove that glutamic acid is converted into succinic 
acid in the body, while they regard malic acid as an intermediate product in 
the metabolism of aspartic acid. They picture the malic acid giving hydra- 
erylic acid and malonic acid, but curiously enough ignore the possibility of its 
giving lactic acid in spite of the fact that malonic acid gives little or no glucose 
in the diabetic animal. The writer is completely unable to follow the logic of 
Ringer’s structural explanations of glucogenesis and cannot help feeling that 
too little distinction is made between possible metabolic paths and those 
actually known to occur. 


es 
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The relationships in structure of the various five-carbon acids and their 
possible conversion into glucose via malic and lactic acids as previously out- 
lined may be seen from the following scheme: 


COOH eae COOH COOH 
| 
HC ee CHNH, 
CH, 1H, CH, 
NH. SS | 
CH, CH, CH, 
| 
CO COOH CH, .-NH, 
(11) \ (IIT) (IV) 
COOH COOH 
| | 
at CHNH, COOH COOH 
| | 
HOCH CHOH CHOH CHOH 
| NEL» Ga | > | > | — glucose 
CH, CH, CH, CH, 
| | | 
CO COOH COOH 
(V) (VI) (VIT) (VIII) 


Experimental. Two experiments were made on the administration of 
B-hydroxyglutamic acid to a diabetic dog. The conditions of the experiments 
were those used previously by the writer [1913]. Phloridzin was administered 
to the starving dog by Coolen’s method. 1 g. emulsified in 10 cc. of olive oil 
was given every day. The urine was collected in 18 hour periods and the 
bladder was carefully catheterised and washed out with sterile salt solution at 
the end of each period. The acid was given as the mono-sodium salt in aqueous 
solution by subcutaneous injection. The glucose was determined gravi- 
metrically and checked by polarimetric readings. The excretion of “acetone 
bodies” was followed but showed no special change, hence the results are not 
recorded. The animal used was a terrier dog weighing about 8 kilograms. 


Period Hours Total N Glucose G/N ratio Substance 
I a — — 2°80) 
II 18 4-21 13-53 3-22 
Til 18 5-32 21-90 4-11 17-4 g. acid=1-5g. N 
TV 18 5:10 15-74 3:08 
W 18 5:47 19-79 3-62 10 g. acid =0-86 g. N 
The “extra glucose” following the administration of the B-hydroxyglutamic 
. ; ; Glucose 
acid may be calculated approximately using Lusk’s method. The ———— 
’ Nitrogen 


ratio in the blank periods averages 3-1. Assuming that the whole of the 
nitrogen of the amino-acid given is excreted in the course of the following 
18 hour period, it is calculated that in the first experiment 17-4 g. of the acid 
gave rise to 10-06 g. of “extra glucose” while 10g. of the acid gave 5:5 g. 
From the mean of the experiments it is concluded that B-hydroxyglutamic 
acid may furnish about 55-60 °/ of its weight of glucose in the diabetic dog. 
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According to the suggestion advanced that B-hydroxyglutamic acid may yield 
elucose in the diabetic animal via lactic acid, it may be calculated that the 
theoretical yield is 55 %,, assuming one molecule of glucose to arise from two 
of lactic acid and two of hydroxyglutamic acid. The almost precise coincidence 
of the observed and calculated result must be regarded as partly accidental 
since the unavoidable experimental errors are considerable, but even allowing 
for them, the agreement is striking. The “protein sparing” effect of the 
injected amino-acid is very obvious. 


SUMMARY. 


Considerable difficulty has been experienced in synthesising inactive - 
hydroxyglutamic acid. 

Bromination of the acetyl derivative of B-hydroxyglutaric anhydride and 
subsequent action of ammonia on the product did not yield the desired result. 

Small amounts of the amino-acid were obtained on reducing @-isonitroso- 
acetonedicarboxylic ester but the results were unsatisfactory. 

Only traces of the amino-acid were formed by the application of Strecker’s 
reaction to malic semi-aldehyde. 

The most satisfactory synthesis so far accomplished had as its starting 
point glutamic acid. The steps are as follows: glutamic acid > c-uramino- 
glutaric acid ~ hydantoin-propionic acid > hydantoin-8-bromopropionic acid 
> hydantoinacrylic acid ~ B-hydroxyglutamic acid. 

It is noted that hydroxyaspartic acid has been synthesised from barium 
chloromalate. 

The hitherto unknown semi-aldehyde of malic acid has been prepared from 
y-diethoxyacetoacetic ester. Its p-nitrophenylosazone and that of tartronic 
semi-aldehyde are described. 

The optical properties of B-hydroxyglutamic acid have been examined. 
The specific rotation of the free acid in 4 °, aqueous solution is about + 0-8°, 
while a 2 % solution in 20% HCl has a specific rotation of + 16-3°. The 
rotation of the potassium salt is practically undetectable, but the addition of 
uranium nitrate renders the solution strongly laevorotatory. On drying the free 
acid at 105° it loses water and is converted into hydroxypyrrolidonecarboxylic 
acid, which has a strong laevo-rotation in aqueous solution. 

The strychnine and brucine salts of the following acids are described: 
d-B-hydroxyglutamic, d-glutamic, /-aspartic, and [-a-pyrrolidonecarboxylic. 

B-Hydroxyglutamic acid has been isolated from gliadin and glutenin. 

When administered to a diabetic (phloridzinised) dog B-hydroxyglutamic 
acid yields 55-60 °% of its weight as glucose, apparently three of its five carbon 
atoms being concerned in glucose formation. In this it resembles glutamic 
acid, proline and ornithine, and it seems not unreasonable to regard the 
catabolic paths of all these acids as similar. The possibility of their conversion 
into glucose via malic and lactic acids is indicated. 
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XXXVIII. STUDIES IN THE ACETONE CONCEN- 
TRATION IN BLOOD, URINE, AND ALVEOLAR 
AIR: I. A’ MIGCROMETHOD FOR THE Essie 
MATION OF ACETONE IN BLOOD, BASED ON 
THE IODOFORM METHOD. 


By ERIK MATTEO PROCHET WIDMARK. 


From the Physiological Institute, Lund, Sweden. 
(Received August 28th, 1919.) 


ScANDINAVIAN readers will find in my book [Widmark, 1917] a summary of 
the most important methods hitherto used for the estimation of the acetone 
concentration in blood and tissues. It will be found that none of the methods 
there referred to is entirely satisfactory or applicable to more extended 
measurements. Series of estimations upon living material cannot be obtained. 

Of a method that is to be used both in the physiological laboratory and in 
clinical work the following demands, among others, should be made: 

(2) It should not require more than about 100 mg. of blood. (6) The 
carrying out of the estimation should be simple, and the apparatus not too 
complicated or expensive. (c) The error should not exceed 10%. 

In the blood of diabetics with fairly pronounced acidosis the concentration 
of the total acetone fluctuates among values lying at about 0-20 per mille, 
i.e. in 100 mg. of blood there are about 20y1 total acetone. A micromethod 
should therefore have a mean error in the single estimation not greatly ex- 
ceeding about -- 2y, which would therefore constitute an error of 10 % with 
a concentration of 0-20 per mille. 

A detailed investigation of the iodoform method has shown that a modifi- 
cation of this renders possible an estimation of these small quantities of 
acetone with a mean error which remains approximately that just named. 
The carrying out of the estimation is simple and requires little practice. No 
more than 100cmm. of blood is required, and the apparatus is not complicated. 

We shall now describe the process, giving first the main outlines of the 
method and the carrying out of the estimation, and in a further section 
entering into a detailed examination of the method. 


1 We use the symbol y for the quantity 0-001 mg., according to the proposal of the “ Ausschuss 
fiir Kinheiten und Formelgréssen” [1913]. 
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A. DEscRIPTION OF THE MICROMETHOD. 


1. The method of obtaining the blood sample. 


The requisite amount of blood is obtained in the usual way by pricking 
with a stilette the ball of the finger or the ear-lobe. In disinfecting the skin 
care should be taken to remove all traces of alcohol and ether before the 
puncture is made. It is best merely to wash with soap and water. With a 
capillary pipette, graduated up to 100cmm., the blood is sucked up as it 
issues from the wound. It is of great importance that the blood should not 
be subjected to evaporation, since in that case too low values may be obtained. 
The sucking up and measuring of the blood may be carried out most easily 
and most quickly by the aid of a precision regulator as constructed by 
Weichardt [1909]!. The blood is brought into the flask of the distillation 
apparatus, in which there has previously been placed 10 cc. of 1 °% phosphoric 
acid. The pipette is rinsed out four or five times with the phosphoric acid, so 
that every trace of blood passes down into the flask, which is immediately 
corked up. 

The pipette should not be cleaned with alcohol and ether. The best method: 
is to place it in the tube of a vacuum pump. After distilled water has been 
sucked through the pipette for a few moments, wipe the point. After a few 
minutes’ further suction the pipette will be dry. 


2. The distillation. 


The distillation should be undertaken not more than two or three hours 
after the sample of blood has been secured. The shape of the distillation 
apparatus is shown by Fig. 1. From the distillation flask, the capacity of 
which is 100 cc., passes a detachable, twice-bent distillation tube. The tube 
is provided with a small drop-receiver and is blown out, immediately under 
the second angle, to a bulb of a few cc. capacity. It is drawn out at the end 
into a point the opening of which is about } mm. across. A test-tube 150 mm. 
Jong and 15 mm. wide serves as receiver. The test-tube is enclosed by a cooler, 
the form of which is shown by the figure. The distillation tube reaches down 
into the test-tube and should end a couple of mm. above the bottom. The 
flask, distillation tube, and test-tube with accompanying cooler can be fixed 
in a wooden stand with elastic metal clamps in such a way that the test-tube 
can be loosened and withdrawn from the stand by a single movement. 

In the test-tube, immediately before distillation, are placed 3 cc. of N/2 
sodium hydroxide solution [natr. hydricum puriss. e natrio], and 2 cc. of 
N/200 iodine solution are added from a well-calibrated pipette (or in the 
estimation of greater quantities of acetone than 50y, 2 cc. of N/100 iodine 
solution). 


1 A modification of this is sold by the A. B. Vetenskapliga Instrument (Scientific Instrument 
Company), Lund, Sweden. 
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Before distillation, the flask and the distillation tube should be boiled out 
for a few minutes with 1 % phosphoric acid. This is especially important if a 
cork connection is used between the tube and the flask. 

In the distillation of pure water or phosphoric acid solution the strength 
of the titer of the alkaline iodine solution is diminished to some extent. In 
order to determine the titer two blind tests are carried out before the distilling 
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of the blood sample, and one blind test afterwards. In these 10 cc. of 1% 
phosphoric acid are placed in the flask, and the distillation is carried out as 
described below for the blood sample. The first blind test usually shows too 
great a consumption of iodine and should not be counted in the determination 
of the titer. The last will serve as a test by which it may be ascertained if any 
error has slipped in during the distillation of the blood sample. 
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The distillation of the blood sample is carried out as follows. The cork is 
removed from the flask and the distillation tube is attached. The apparatus is 
placed in the stand, and the condensing water turned on. The fluid is then 
boiled, the burner being held in the hand and the flame kept small. As soon 
as the steam has reached the contents of the test-tube a loud rattling will be 
heard. From this moment the boiling is continued for 100 seconds, the heat 
being moderated by raising and lowering the burner, so that the boiling re- 
mains even and the blood does not froth up into the distillation tube. A test 
of the evenness of the boiling exists in the rattling noise, which ought not to 
cease. When the 100 seconds are up, the heat is increased a little and at the 
same time the test-tube is loosened from its clamp, so that the point of the 
distillation tube comes above the surface of the fluid. No fluid must be 
allowed to remain clinging to the point; any that does so remain can be blown 
down into the test-tube by heating the flask for a moment. When the test- 
_tube has been further cooled down for a few minutes, the condensing water is 
shut off and the test-tube is taken out of the cooler. We may now proceed to 
the next distillation; 10 distillations can be carried out in an hour. A pre- 
cipitate appears only on the distillation of quantities of acetone exceeding 
50y, the iodoform being to a certain extent soluble in water. 


3. The titration. 


When the tube has stood for at least three minutes, 3-5 cc. of N/2 sulphuric 
acid are added from a burette. In every tube is placed a thin glass rod, the 
lower end of which is flattened out into the form of a disc, in order to facilitate 
the stirring of the fluid. The solution is stirred by moving this glass rod a few 
times up and down. A couple of drops of a 1 °% starch solution are now added 
with a pipette, and titration is carried out with N/200 sodium thiosulphate 
solution (or N’/100 if N/100 iodine solution be used). In the titration we use a 
burette (Bang’s burette for the estimation of blood sugar) graduated in 
0-02 ce. Thiosulphate is added drop by drop as the fluid is stirred with the 
glass rod, until the blue colour almost vanishes. Towards the end of the titra- 
tion only fractions of a drop are added. The titration is continued until every 
trace of colour has vanished; the easiest way to find out when this is the case 
is to look at the fluid through the mouth of the test-tube. With a little practice 
the change can be determined to somewhat less than half a drop. Care must 
be taken that no drops of thiosulphate remain clinging to the upper parts of 
the test-tube. They can be brought down with the glass rod. 

The blind test enables us to determine the titer of the iodine solution. The 
amount of acetone is calculated from the difference between the quantities of 
thiosulphate used in the blind test and in the blood test. 0-02 cc. of N/200 
thiosulphate corresponds to 0-968 y acetone. 
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B. DrraAILED EXAMINATION OF THE METHOD, 

For the testing of the method pure acetone was used, prepared in the 
following way from the bisulphite compound [see Plimmer, 1915]. To 125 ce. 
of crude acetone were added 70 g. of sodium bisulphite in saturated solution, 
The mixture was well shaken in a closed flask and, after being left to stand 
for some time, the liquid was drawn off by means of a suction filter and the 
precipitate dried between filter-paper. It was then placed in a distillation 
flask and decomposed with 40g. of soda. The mixture was subjected to 
fractional distillation, and the distillate was dried with calcium chloride and 
subjected to a fresh distillation. The fraction that passed over at a temperature 
of between 56 and 57° was used in the experiments. 

The pure acetone boiled at a temperature of 4+ 56-8°, and had a sp. g. of 
0-798 at 15°. Its reaction was neutral and it showed no aldehyde reaction 
(equal volumes of 10% silver nitrate and sodium hydroxide were mixed 


together, ammonia was added drop by drop until the precipitate was dis- . 


solved, and a couple of drops of acetone were then added. No mirror was 
formed), 

A solution prepared from 1-462 g. acetone in I litre of water showed the 
following concentration, when titrated by Messinger’s method: 

1-465 + 0-0023 per mille (6 estimations). 

The acetone may therefore be regarded as sufficiently pure for the testing 
of the micromethod. 

In order to render possible the preparation of an acetone solution of 
accurately known concentration and to avoid any loss through evaporation 
in the measuring of the pure acetone, the following method of procedure was 
adopted. 

A number of small bulbs of 1-2 cc. capacity were blown out from narrow 
glass tubes and the point of each bulb was drawn out into a capillary tube. 
The bulb, after being weighed, was filled with the pure acetone by gently 
heating it and then dipping the capillary into the acetone. As cooling took 
place the bulb was filled with the fluid. The capillary was then melted off, and 
the filled bulb weighed again. 

In the preparation of dilute acetone solutions a | litre volumetric flask 
was half filled with water, and a bulb was dropped into the water and broken 
with a glass rod. The flask was then filled up to the mark. Finally there was 
further added a small quantity of water corresponding to the volume of the 
glass of the bulb, the sp. g. of which was assumed to be 2:5. 


1. Measurement of the blood sample. 


The greatest risk of error in the measurement of the blood sample lies in 
the fact that the acetone easily volatilises. Opportunity for this is found in 
the time which elapses from the moment when the blood comes out of the 
puncture until it is sucked up into the pipette. In the pipette the danger of 
evaporation is extremely small. 
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Generally I have proceeded in the following way: 4-5 drops of blood from 
the puncture were allowed to drop on to a clean watch-glass, from which the 
blood was quickly sucked up into the pipette. The time required from the 
falling of the first drop of blood upon the glass until the requisite quantity 
had been sucked up into the pipette usually ran to 15-20 seconds. During 
this period the evaporation is so small that it is not noticeable with the 
micromethod. 

This method has however been sharply criticised, and it must be granted 
that the method is associated with a certain risk for persons without practice. 
I recommend therefore that the blood be not allowed to drop upon a watch- 
glass. Instead it may be sucked up directly by placing the point of the pipette 
over the puncture and sucking up the blood as it drips out. This can be done 
very easily and conveniently by means of the Weichardt regulator mentioned 
above. With a blood sample from the ear of the rabbit it is best to let an 
assistant hold the animal’s ear stretched out upon a square of glass. This will 
give the necessary support and firmness for the sucking up of the blood as it 
drips out. 

That the taking of the sample in this way gives a perfectly satisfactory 
result is shown by the following experiments. 

Experiment 1. A quantity of acetone was subcutaneously injected into a 
rabbit. Three hours later seven blood samples were taken; nos. 1, 3, 5 and 7 
by means of the pipette, nos. 2, 4 and 6 by direct dropping of the blood from 
the ear vein into weighed flasks. Room temp. 17°. 

The samples taken with the pipette gave the following values: 


1 0-392 °/5, 
3 0-392 
5 0-390 
7 0-387 


Average 0-390 


The weighed samples gave the following results: 


2 123-2 mg. blood contained 46-5y acetone =0-377 °/,, 

4 66-6 S - 24-4y ,, =0-366 

6 124-0 53 3 44-07 ,, =0:355 
Average 0-366 


Experiment 2. Similar experiment with a greater quantity of acetone. 
Room temp. 16-5°. 
With the pipette: 
0629 °/,, 
0-624 
0-615 
0-620 
Average 0-622 


DD bo 


By dropping directly into weighed flasks: 


1 68-8 mg. blood contained 43-3y acetone =0-629 °/,, 
3 84-4 Fe % 50'3y , =0-596 
5 113-4 33 es 67-8y , =0:598 
H 106-0 3 5 67-37 5 =0'635 
9 80-2 5 53 46:97 , =0-585 


Average 0-609 — 
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By weighing, somewhat lower values are found than when the pipette is 
used, this being evidently due to the fact that in the former case the blood 
is measured in mg., in the latter in cmm. If we assume the sp. g. of the 
blood to be 1-05 and calculate the weighed samples according to this, we find 
the average in Exp. 1 to be 0-384 °/,, and in Exp. 2 0-639 °/..,, the former value 

t little lower, the latter a little higher, than the average of the samples 
ea ath the pipette. 

The measurement with the pipette is simpler and easier than weighing and 
is therefore to be preferred. 

The risk of evaporation however is sufficiently great to put out of the question a sucking up of 
the blood and weighing with a torsion balance in the same way as in the blood-sugar test according 
to Bang. On the other hand it is possible that this method may be very well suited to an estima- 
tion of aceto-acetic acid. For this purpose the blood may be sucked up on to thin filter-paper 
and weighed, and the free acetone may be allowed to evaporate either by letting the filter-paper 
hang for some time under ordinary atmospheric pressure, or by enclosing it for a few minutes in 
a flask which is then evacuated by means of a water suction pump. This process is at present 
being worked out, but the details are not ready for publication. If Shaffer’s [1911] method for 
converting 8-hydroxybutyric acid into acetone and then estimating the acetone should prove to 


be practicable, this micromethod could probably also be used with advantage for a micro-estima- 
tion of 8-hydroxybutyric acid in the blood. 


2. The distillation. 


The distillation of the blood sample presents no noteworthy difficulties. 
The construction of the distillation apparatus may vary in different ways. 
An indispensable condition however is that the steam must not be allowed to 
come into contact with either rubber stoppers or tubes. It seems, in fact, as 
if the steam possessed the power of carrying along with it substances which 
unite with iodine. The consequence of this is that the estimations become too 
high: the error may often amount to several tenths per cent of the real value. 
Cork may be used, but it must be well boiled previously. It is safest to use an 
apparatus entirely of glass, with distillation tube ground in. The disadvantage 
of such an apparatus however is that it is impossible without great expense to 
get a considerable number of distillation flasks of the right size to fit into one 
and the same distillation tube. This fact makes it difficult to undertake series 
of estimations. 

The advantage of the apparatus previously described is that it is particu- 
larly simple both in construction and management. I have generally used 
cork connections between distillation tube and flask. This was the case in all 
the estimations in this part of the work. Care should be taken that the open 
end of the distillation tube is not too large, and that the tube does not end 
more than 4 mm. above the bottom of the test-tube. 


The fact that I allow the acetone distilled over to be absorbed without previous cooling by the 
alkaline iodine solution, which in the course of the distillation has been heated to a considerable 
extent, might possibly lead to the supposition that great loss would be unavoidable, or at least 
would very easily arise. Practical experience however shows—as appears quite clearly in the 
chapter on the precision of the method—that the risk of a loss of acetone is very small. Moreover 
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there is also some theoretical support for the view that the absorption of the acetone ought not 
to be impaired by a gentle heating of the alkaline iodine solution. The decisive tests for the 
retention of the acetone in the iodine solution are in the first place its vapour-pressure in the solu- 
tion, and secondly the velocity of the reaction in the formation of iodoform. With a rise of tem- 
perature both these factors are intensified, but they act in opposite directions. The increased 
vapour-pressure facilitates the evaporation of the acetone, the increased speed of the reaction 
renders it possible for greater quantities of acetone to be bound as iodoform within the unit of 
time. The loss of acetone will depend on the question which of these two factors is increased most 
with a given rise of temperature. According to Regnault [1862] the tension of the acetone is 
increased from 179-6 mm. Hg at 20° to 420-2 mm. at 40°, a rise therefore in the proportion of 
approximately 1:2. The partial pressure in an aqueous solution of 1 % is increased, according 
to my own measurements, in approximately the same proportion with a rise in temperature from 
20 to 40°. If we assume that the velocity of the reaction in the formation of iodoform follows 
van’t Hoff’s law, the velocity for a rise in temperature of 20° should be increased in the proportion 
of 1:4. Hence it follows that the retention of the acetone in the alkaline iodine solution is facili- 
tated to an appreciable extent by heating. In this connection however another circumstance of 
great importance is to be mentioned. It is an established fact that when iodine is added to alkali 
the resulting solution does not remain unchanged if left to stand. The hypoiodite formed at the 
beginning passes over by degrees into. iodate: 
3KOI=KIO, +2KI1. 

The iodate does not form iodoform with acetone. The formation of iodate proceeds slowly in cold 
solutions, but almost instantan€@ously in warm. This fact would therefore seem to argue that the 
binding of the acetone is rendered more difficult by the heating of the solution, and that an error 
in the estimation might arise owing to the fact that the quantity of hypoiodite necessary for the 
formation of iodoform is not forthcoming. In my own experiments I have never been able to 
find that the circumstance just mentioned plays any part in the estimations, although I have 
often made use of the supply of iodine in the alkaline iodine solution up to 70-80 % (see e.g. 
experiment 9). Possibly the case is somewhat otherwise with these extremely dilute solutions 
than with the more concentrated. 


Determination of the most suitable time of distillation. 

Experiment 3. In the distillation flask are placed 10 cc. of 1 % phosphoric 
acid and 0-1 ce. of 0-732 °/,, acetone solution. The flask therefore contains 
73-2y acetone. The alkaline iodine solution is introduced into the test-tube 
in the usual way, 2 cc. of N/200 iodine solution being used. The experiment 
is repeated eight times, with variations in the time of distillation, the latter 
being reckoned from the point at which the rattling sound begins. 


Table I. 
Time of distillation 
in min, Acetone in y 

} 55-1 

3 64:5 

3 68-0 
72:8 

1} 74-3 
72:8 

1? 74:8 

2 73:8 


The experiment shows that after 1 minute practically all the acetone has 
already been distilled over. 
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Experiment 4. A similar experiment, with the use of 168: orm acetone in the 
flask and 2 ce. of N/L00 iodine solution. 


Table LI. 


Time of distillation 


in min, Acetone in + 

h 143-9 

3 161-4 
1 169-1 
14 170-8 
2 168-1 
2} 168-6 
24 173-0 


Here too the acetone has passed over quantitatively after 1 minute. 

The experiment shows that a time of 90 seconds is sufficient for the dis- 
tillation of pure solutions. In distilling blood samples it is necessary, on 
account of the frothing, to boil somewhat more carefully. I recommend there- 
fore a somewhat longer time—100 seconds—for the boiling. 

The dilution of the blood sample with 10 ce. of 1 °% phosphoric acid is designed 
partly to check the frothing in the distillation, ane partly to decompose the 
aceto-acetic acid. The dilution is carried out in the proportion of 1: 100. In 
the distillation about 4 cc. pass over, so that afterwards the dilution is in the 
proportion of about 1:60. This dilution is more than ten times as great as 
that recommended by Embden for the urine distillation. There can therefore 
be no reason to suppose that any disturbing iodine-binding substances will, 
through the concentration due to the distilling process, be made to pass over 
into the distillate. A dilution of the sample with water while distillation is in 
progress is superfluous. 

3. The titration. 


After the distillation the tube should stand for 1 minute in the cooler. 
After a further period of 3 minutes the formation of iodoform is finished. This 
is shown by the two following experiments. 

Experiment 5. To each of six tubes containing 3 cc. of sodium hydroxide 
and 2 cc. of N/200 iodine solution is added 1 cc. of an acetone solution con- 
taining 47-4y per cc. The first tube is acidified immediately, the second after 
1 minute, the third after 2 minutes, and so on. The results of the titration are 
shown by the following table. 


Table III. 
Time in min. Acetone in y 
0 22-5 
1 36:3 
2 45-5 
3 47-4 
5 47-6 


20 47-4 
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The first column shows the time that elapsed between the adding of 
acetone to the alkaline iodine solution and the addition of acid. 

In this experiment therefore the iodine is already bound after 3 minutes. 

Experiment 6. To each of four flasks, containing 10 ce. of 1 % phosphoric 
acid, 0-1 cc. of acetone solution containing 53-2y acetone was added. Distilla- 
tion was then carried out in the usual way. The test-tubes were allowed to 
stand in the cooler for 1 minute. The first tube was acidified immediately after 
this, the second after 2 minutes, and so on. 


Table IV. 
Time in min. Acetone in 7+ 
0 52-6 
2 53:3 
15 52-2 
20 52:2 


The experiment shows that the mixture may be acidified 3 minutes after 
the tube is taken out of the cooler. 

After the acidification and when the solution has been sufficiently stirred 
with the glass rod, starch may be added and titration carried out. 

Experiment 7. To each of five tubes containing alkaline iodine solution 
was added 1 ce. of an acetone solution containing 68-8y acetone per cc. When 
the tubes had stood for 5 minutes they were acidified with sulphuric acid. 
The contents of the first tube were titrated immediately, those of the second 
after half a minute, and so on. 


Table V. 
Time in min. Acetone in y 
0 67-4 
3 67-4 
1 67-4 
10 67-9 
30 66-9 


The first column shows the time that elapsed between the addition of 
sulphuric acid and the titration. 

It is of a certain importance that the titration should be carried out in the 
test-tubes, partly because the loss of colour can be more clearly observed there 
than in flasks and beakers, and also because the risk of evaporation of the 
iodine is then quite inconsiderable. Titrations in flasks and beakers always 
require a somewhat smaller consumption of thiosulphate than titrations in 
test-tubes. An iodine solution which, when titrated in a test-tube, used up 
1-98 cc. of N/200 thiosulphate, used in a 50 ce. flask 1-95 cc., and in a beaker, 
after 5 minutes’ gentle stircing, only 1-40 cc. 

The diminution which appears on distillation in the titer of the iodine generally reaches a 


degree corresponding to 0-03-0-05 cc. of N/200 iodine solution. Probably this diminution is due 
to several causes. 
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In the text-books of quantitative analysis stress is laid upon the fact that the quantity of 
iodine demanded for the production of the blue colour will vary considerably, according to the 
concentration of the iodide present. Care must therefore be taken that the analyses are carried 
out as far as possible in equal volumes of fluid. With the use of V’/10 iodine solution however the 
error becomes so small that it may.as a rule be neglected. If N/100 iodine solution be used the 
error may become very great. Treadwell [1913] therefore carries out the following experiment. 

To different quantities of water were added 1-5 ec. of starch solution, and N/100 iodine solution 
until the first perceptible blue coloration appeared. 


N/100 iodine solution 


Water in ce, in ee. 
50 0-15 

L100 0-30 

150 0:47 

200 0-64 


When, on the other hand, there was added to the solutions 1 g. of potassium iodide, the con- 
sumption of iodine was reduced to about 0-04 cc. up to a volume of 200 cc., which required 0:14 ce. 
of iodine solution. 

In the micromethod the volume of fluid is about 12 ce. and varies within very narrow limits. 
IT have not been able to find that the result of the titration is changed by adding potassium iodide 
immediately before titrating. Probably sufficient quantities are already present. 

The reason for the change in the titer of the iodine solution is probably to be sought in part in 
another direction. The consumption of iodine becomes greater if, in distilling, the boiling is pro- 
longed beyond the time prescribed. It is greater when a rubber stopper is used as connection 
between flask and distillation tube than with the use of cork, and is least of all with only glass 
connections. Finally we find a diminution in the titer of the iodine as soon as we pass 100 ce. of 
air free of dust through the alkaline iodine solution. 

The determination of the titer can however be carried out with perfectly 
satisfactory accuracy by means of the two blind tests, provided only that the 
titer of the thiosulphate is quite correct. The result shows that the titer re- 
mains sufficiently constant even during very long series of experiments. It is 
however of great importance for the obtaining of good results that the purest 
possible chemicals should be used. Only the sodium hydroxide prepared from 
the metal is of perfectly satisfactory purity. The other preparations often give, 
even with the test-sample without distillation, too great a consumption of 
iodine. Ordinary distilled water (according to recent investigations in con- 
nection with the salvarsan treatment) often contains important quantities of 
organic substances which may of course bind iodine. It has been proved also 
that newly-distilled water gives considerably more even results than ordinary 
distilled water. I have therefore, in the preparation of all the solutions 
required by the method, a hc distilled the water in a glass distillation 
apparatus!. 


4. The standard solutions. 


The preparation and conservation of these is effected by means of the 
methods that will be found in most of the text-books of analytical chemistry?. 


1} A very convenient apparatus of this kind has been constructed by Hamner and may be 
obtained from Grave, Stockholm. ; 

* Naturally there can here be no question of the preparation of N/200 iodine solution according 
to Bang by the addition of titrated acid to an excess of iodate and potassium iodide. For when 
the solution after the distillation is mixed with excess of acid, there is liberated a further quantity 
of iodine corresponding to the excess of acid. 
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I have found it safest and most convenient to prepare every day from well- 
determined N/10 iodine and thiosulphate solutions new solutions of N/100 
and N/200 respectively. We have a control of these in the blind tests. The 
standard solutions should be tested at least once a week. This is most easily 
done by first testing the thiosulphate solution with bichromate and potassium 
iodide in a solution acidified with sulphuric acid. 


5. Accuracy of the method. 


The two following experiments are designed to illustrate the accuracy of 
the method in the estimation of the amount of acetone in pure solutions before 
and after the distillation. 

Experiment 8. In 12 test-tubes were measured out 3 cc. of N/2 sodium 
hydroxide + 2 cc. of N/200 iodine solution + 3 cc. of freshly distilled water. 
From an acetone solution containing 73-1 acetone per cc. 0-1 ec. was measured 
off (with a 1 cc. measuring pipette) in the first tube, 0-2 cc. in the second, and 
so on; | cc. in the tenth tube therefore. The eleventh and twelfth tubes served 
as blind tests for the determination of the titer of the iodine. After 5 minutes 
3°5 ec. of N/2 sulphuric acid was added to each of the tubes. After stirring 
with a glass rod titration was immediately carried out. The following table 
and Fig. 2 show the results of the titration. 


Table VI. 
Calculated Found (7) 

1 7:3 10:0 
He 14-6 15:4 
3 21-9 20-8 
4 29-2 30-6 
a) 36-6 37:8 
6 43-9 44-9 
7 51-2 51:3 
: 8 58-5 61-0 
9 65:8 66:8 
10 73-1 73:9 


The table shows the titration results in the estimation of pure acetone 
solutions without previous distillation. The second column gives the calcu- 
lated quantity of acetone, the third column the quantity found by the estima- 
tion, | 

Fig. 2 illustrates this experiment. 

Experiment 9. In each of 13 flasks 10 cc. of 1 °% phosphoric acid was 
measured off. Into ten of these flasks rising quantities (from 0-1-1-0 ce.) of an 
acetone solution containing 73-ly acetone per cc. were measured off with a 
1 cc. measuring pipette. Distillation was then carried out in the usual way, 
with two blind tests before, and one blind test after, the acetone tests. In the 
test-tubes 3 cc. of N/2 sodium hydroxide + 2 cc. of N/200 iodine solution. 
The acetone values when plotted as in Fig. 2 fall on a straight line. 
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Fig. 2. The calculated values lie upon the oblique line, the values found are marked by circles. 
Abscissa: the volume of acetone solution added. Ordinate: acetone y. Estimations without 
distillation according to experiment (8). 


Table VII shows the titration results in an estimation of pure acetone 
solutions after distillation. Arrangement as in the previous table. — 


Table VII. 
Caleulated Found (¥) 
1 7:3 11-1 
Pe 14-6 16-0 | 
3 21-9 21-8 | 
4 29-2 29-5 | 
5 36-6 38-0 | 
6 43:9 44-0) | 
7 51-2 50-8 . 
8 58:5 57-1 
9 65:8 66-2 
10 73°71 73-0 


The mean error of the single estimation in an estimation of pure acetone 
solutions appears from the following series. 
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Experiment 10. Ten estimations were carried out on a pure acetone 
solution containing 7:32y per 0-1 cc. The acetone was measured out with a 
0-1 cc. pipette. Distillation as usual. In the test-tubes 3 cc. of hydroxide 
+ 2cc. of N/200 iodine solution. The following values were obtained?: 

Acetone in y: 9-7, 7:7, 7:3, 7-1, 7:3, 7:5, 7-3, 7:3, 8-0, 6°8. 
Average: 7:6, H= + 0-805, e= + 0-255. 

Experiment 11. Ten estimations on an acetone solution containing 57-ly 
per 0-1 cc. Estimations carried out as before. 

Acetone in y: 56-7, 56-2, 56-6, 56-7, 56-7, 56-2, 56-0, 57-9, 53-7, 55-7. 
Average: 56-24, H= + 1-071, e= + 0°339. 

From these two experiments it follows that the mean error of the separate 
estimation hardly exceeds ly. The absolute value of the error is about the 
same, independently of the amount of the acetone. In the first series the error 
expressed as a percentage of the mean is 10-5 %, and in the second series 
eee 

In the first series the mean is somewhat higher than the calculated value, 
in the second series somewhat lower. I have not been able to find—provided 
that sufficient attention is paid to the estimation of the consumption of iodine 
in the blind experiment—that the method has any appreciable constant error. 
In general, however, the values are a little too low (about ly). This is especially 
the case if a distillation tube is used having a point with a wider opening than 
that mentioned in the description of the apparatus. Under such circumstances 
it may happen that in the distillation the air which passes out before boiling 
is set up is not completely freed from its acetone in passing through the alkaline 
solution. Further it is necessary to provide carefully that the glass connection 
shall close quite tightly. It is advisable to damp the ground glass with a drop 
of distilled water when the glass tube is fitted into the flask. If a cork con- 
nection is used the same cork should not be used too long, but should fre- 
quently be replaced by a new one. 

It is evident that the method is not suitable for estimations of the acetone 
percentage in the normal blood. For this 0-1 cc. of blood is too small a quantity. 
The estimation of the concentration in normal blood falls entirely within the 
limits of error of the method. In an estimation of normal blood we therefore 
regularly get titration results which are identical with those of the blind test, 
or at most show 0-01—0-02 cc. less N/200 thiosulphate consumption than these. 

The following experiment shows the mean error of the separate estimation 
in a determination of the amount of acetone in calves’ blood, to which acetone 


was added: 


Calculated +y 79-6 39-8 31:8 19-9 15-9 8-0 

Found 77-1 39-9 32-7 18-9 14-4 8-0 
77-1 39-4 30:3 19-4 15-4 8-0 
77-0 41:3 30:7 19-6 15-9 7-5 
767 39-4 30:3 19-1 16-8 75 
73:8 40-4 32-2 19-8 16°] 77 

Average 763 40-1 31-2 19-4 15-7 77 


1 By Z£, here and in the following experiment, is meant the mean error of the single estimation; 
by e the mean error of the mean. 
30—2 
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It is my impression that as a rule we are rather morg likely to get too low 
values than too high. In order to illustrate the agreement between the two- 
fold estimations in the determination of the total acetone concentration in the 
blood of diabetics with acidosis, I give the following report of all the estima- 
tions in a case. This series is intended to demonstrate the clinical practic- 
ability of the micromethod. The samples of blood were taken by the Hospital 
laboratory nurse, the distillation was performed by my own laboratory assis- 
tant, and finally I myself carried out the titrations. 


Table VIII. 


Acetone °/,,, 


>) 


Date Ie iI 
24.1 0-302 0-321 
25.1 0:334 0-334 
26. i 0-310 0-314 
27.1. 0-189 0-184 
28. i. 0-114 0-111 
29.1 0-080 0-082 
30. i 0-116 0-097 
oleae 0-264. 0-276 
sate 0-165 0-160 
ele 0-172 0-174. 
3H tte 0-126 0-102 
4. ii. 0-109 0-114 
Dail 0-097 0-097 
65a: 0-106 0-087 
suits 0-106 0-087 
8. ii. 0-068 0-073 
9. ii 0-204 0-216 
10. ii. 0-174. 0-174 
TM Baie 0-135 0-135 
NOR i 0-094 0-082 


In order to show that in the short period of distillation there is time for 
all the aceto-acetic acid present to be decomposed, a few analyses of the total 
acetone concentration in urine have been made. In these the total acetone 
has been estimated by the method of Embden and Schliep and the micro- 
method simultaneously. The results are shown by the following table. 


Table IX. 

Subject Macromethod Micromethod 
A.S. 0-198 0-208)... 
0-203 5 0708 
A.S. 0-397 0-392) af 
o375f °° 
Mrs L. 1-083 1-060 

HS: 0-329 0-314 
sae 0-315 

H.S. 0-295 0-305 


Hes 0-303 
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The experiments show that with distillation by the micromethod aceto- 
acetic acid is decomposed to the same extent as when the macromethod is used. 

As we saw in regard to the blood estimations, so also it is impossible to 
estimate the normal acetone percentage in the urine with any claim to 
accuracy by the micromethod. As an average figure for the quantity of total 
acetone present in normal wine may be given approximately 20 mg. per 
daily quantity of urine. Assuming a daily quantity of 1500 cc. the quantity 
of acetone present in 0:1 cc. is therefore only a little more than ly. The 
estimation of this quantity falls entirely within the limits of error of the 
method, which fact was also shown by series of estimations. 

Finally it should be emphasised that we do not yet know with perfect 
certainty whether the values obtained by estimating by means of the iodoform 
process correspond in every respect to the acetone concentration in question. 
The possibility is still open that besides acetone other volatile iodoform-pro- 
ducing substances pass over into the distillate in an estimation of the blood 
and urine of diabetics. Such substances may in general be characterised as 
having the group CH,C united with oxygen. 

The presence of ethyl alcohol in the blood of diabetics demands special 
attention for the reason that these patients are often given a certain amount 
of wine in their diet. 

However the presence of ethy! alcohol in the blood has no effect upon the 
results of titration. 

Experiment 12. Subject: the author. At 2.15 p.m. on April 15, 1917, 
50 cc. of whisky were taken 23 hours after a meal. This quantity contains 
about 25 ce. of absolute alcohol (and about 9 mg. of aldehyde, reckoned as 
acetaldehyde). Before the spirit was drunk two blood samples were taken, and 
a double sample was also taken 25 and 45 minutes respectively after drinking. 

Todine solution consumed in the blind tests: 1-930 and 1-935 ec. N/200 
thiosulphate. The iodine solution consumed in the blood tests corresponded 
to the following quantities of NV/200 thiosulphate: 


Table X. 
Blood test. 
Before the taking of the alcohol 1-940 1-940 
At 2.40 p.m. (25 min. after taking) 1-940 1-940 
At 3.0 p.m. (45 min. after taking) 1-940 1-930 


In this experiment the alcohol concentration in the blood during the time 
taken for the last two tests certainly exceeded 0-5 °/,, notwithstanding the fact 
that no change in the titer of the iodine can be observed in the tests. 
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AXXIX. STUDIES ON THE CYCLOCLASTIC 
POWER OF BACTERIA. 


PART I. A QUANTITATIVE STUDY OF THE AEROBIC 
DECOMPOSITION OF HISTIDINE BY BACTERIA. 


By HAROLD RAISTRICK. 


From the Biochemical Laboratory, Cambridge. 
REPORT TO THE MEDICAL RESEARCH COMMITTEE. 


(Received November 10th, 1919.) 


THE investigation of the products formed during the decomposition of histi- 
dine by micro-organisms has led to the isolation of a few compounds of 
biochemical interest. Ackermann [1910] obtained a 42 °% yield of histamine 
(B-iminazolylethylamine) as a result of the growth of mixed putrefactive 
bacteria on solutions containing histidine. This discovery became of intense 
interest when Barger and Dale [1910] showed the remarkable physiological 
activity of this amine, and identified it as one of the active principles of ergot. 
More recently, Mellanby and Twort [1912] have observed the formation of 
this amine by pure cultures of an unnamed bacillus which they isolated from 
the alimentary canal. Berthelot and Bertrand [1912] also observed that a 
similar decarboxylation of histidine, resulting in the formation of histamine, 
is readily accomplished by a bacillus to which they gave the name of Bacillus 
aminophilus intestinalis. In fact, the bacterial method of preparation of 
histamine is used industrially by Hoffmann, La Roche and Co. 

It is stated by Windaus and Opitz [1911] that F. Ehrlich obtained f- 
iminazolylethyl alcohol by the action of yeast on histidine, but I have failed 
to find that Ehrlich has published his results. 

Of the acids which might azise from histidine, by the action of micro- 
organisms, only two have been isolated. In the paper previously referred to, 
Ackermann [1910] obtained, in addition to histamine, a very small amount of 
B-iminazolylpropionic acid. The present writer [1917], working with pure 
cultures of bacteria of the coli-typhosus group, obtained the unsaturated acid, 
urocanic acid (B-iminazolylacrylic acid), from histidine. The yield in some 
cases—in particular with B. paratyphosus A—was of the order of 60 % of the 
histidine employed. Later, in extending this work to organisms of other 
groups, it was found—more particularly with B. pyocyaneus—that, although 
a considerable amount of ammonia was produced and hence at any rate part 
of the histidine was decomposed, it was impossible to isolate any iminazole 
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derivatives, except unchanged histidine, from the culture media. For this 
reason, it was decided to investigate quantitatively the breakdown of the 
histidine molecule by bacteria. The results of this investigation are given in 
this paper. 

During this work, the fate of the nitrogen contained in the histidine mole- 
cule was the only question studied, since, as will be immediately shown, this 
enables one to form a good idea not only of the fate of the side chain, but of 
the iminazole nucleus as well. A consideration of the formula for histidine 


indicates that the N (numbered (1)) in the side chain may be easily differen- 
tiated from the N (numbered (2) and (3)) in the ring. Van Slyke [1911, 1] has 
indeed shown that, when histidine is treated with nitrous acid—as in his 
method for the estimation of amino acid nitrogen—only one-third of the 
total nitrogen in the molecule is liberated as nitrogen, 7.e. the amino group in 
the side chain. 

Using this as the basis of the method employed, the following estimations 
were performed at stated intervals on media containing histidine dissolved in 
Ringer’s solution, and sown with the organism under investigation. 

A. Total Nitrogen (by Kjeldahl) gives the sum of the three nitrogen atoms 
((1), (2) and (3)) whether present, as at the commencement of the experiment, 
as histidine, or, as in the later stages, as products of the breakdown of histi- 
dine. 

B. Amino Nitrogen (by van Slyke [1912]) gives the nitrogen (1) contained 
in the amino group of the side chain, thus providing a measure of the rate of 
breakdown of the amino group. 

C. Ammonia Nitrogen gives the whole of the nitrogen, "heehee of the side 
chain or nucleus, which is metabolised by the bacteria into ammonia. 

By simple calculations the following values can also be determined: 

D. Total Non-amino Nitrogen (other than ammonia nitrogen). The differ- 
ence between the total nitrogen (A) and the sum of the amino nitrogen and 
ammonia nitrogen (B + C) gives one the total non-amino nitrogen present at 
any ie. A—(B+C)=D. 

In other words, D gives one a measure of the rate of degradation into 
ammonia of the nitrogen contained in the nucleus. 

E. Non-amino Nitrogen (other than ammonia nitrogen and the non-amino 
nitrogen present as unchanged histidine). 

Since the ratio of non-amino nitrogen to amino nitrogen in histidine is 
2:1, the amount of non-amino nitrogen present at any stage as unchanged 
histidine will be double the amount of amino nitrogen, 7.e. 2B. Thus 


E = D— 2B. 
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In other words, # gives a measure of the rate of production from histidine of 
compounds (other than ammonia) containing non-amino nitrogen. 

It will be noted that no account is taken of the nitrogen which may be used 
for synthesis, e.g. in the formation of bacterial protein. It is, however, very 
probable, as is shown from results obtained with B. proteus, that the amount 
of nitrogen used for synthesis by these bacteria is relatively negligible (with the 
possible exception of B. pyocyaneus) and does not vitiate the general con- 
clusions drawn from these experiments. 


EXPERIMENTAL. 


In all cases, the culture solution was contained in a two litre flask, fitted 
with a rubber stopper carrying two glass tubes. One of these, bent at an angle 
of about 60°, was fitted at one end with a plug of cotton wool about three 
inches long, and the other end was inserted, to a distance of about an inch, 
through the rubber stopper. The other tube, bent at the same angle, was fitted 
at one end with a piece of rubber tubing, carrying a small glass tube drawn out 
to a sealed capillary point. The other end of the tube was inserted through the 
rubber stopper, and terminated about } inch from the bottom of the flask. 
The apparatus thus closely resembled an ordinary wash bottle, except that 
the tube carrying the cotton wool plug was bent downwards, to lessen the 
risk of contamination. 

The following solution was then introduced into the flask, and the whole 
was autoclaved at 120° for an hour. 


Distilled water 1550 c.c. 
Sodium chloride 16-2 ¢. 

Potassium chloride 0-756 @. 
Calcium chloride 0-432 ¢. 
Normal caustic soda 23-2 G.c. 


(to neutralise the HCl of the histidine hydrochloride). 

In a separate 300 c.c. conical flask, 4-86 ¢. of pure histidine monohydro- 
chloride was dissolved in 250 c.c. of water, and autoclaved. This separate 
autoclaving was preferred, as histidine undergoes undesirable changes to a 
far less extent in acid solution (as the hydrochloride) than in alkaline solution 
(as the free base). 

The contents of the two flasks, after mixing, thus gave a 0-2 °% solution of 
histidine in Ringer’s solution, this being the medium previously used [Rais- 
trick, 1917]. In order to introduce the solution of the histidine hydrochloride 
into the large flask, the following procedure was used. A piece of rubber tubing, 
fitted with a screw clip, was fixed on the end of the tube containing the cotton 
wool plug, and, by sucking out a little of the air and then turning the clip, a 
slight decrease of the pressure of the air inside the flask was obtained. The 
rubber connection on the other tube was then closed by a clip, and the end 
of the capillary tube was broken off and carefully sterilised. It was then 
introduced beneath the surface of the histidine solution which, on opening 
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the screw clip, passed over into the larger flask. The flask was then sown with 
an emulsion in sterile Ringer’s solution of the organism under investigation, 
obtained by emulsifying the growth from 20 agar slopes, after 24 hours’ 
incubation. The bacterial emulsion was introduced into the large flask in the 
same way as the solution of histidine hydrochloride. Samples for analysis 
were taken from the large flask by creating a slight increase in the pressure 
of the air in the flask, by blowing gently through the tube containing the 
cotton wool plug, and then clipping the rubber tube. After closing the rubber 
connection on the other tube with a clip, the contents of the flask were 
shaken, and the end of the capillary tube, which was always fused in the 
Bunsen flame after taking a sample, was broken and sterilised. On opening 
the clip, the culture media coming over was collected, after rejecting the 
first 20 or 30 c.c. Care was taken both in sowing the culture media with the 
organism studied and when samples for analysis were subsequently taken 
out that no air was allowed to enter the flask except through the cotton wool 
plug. Bacteriological control showed that, in all the experiments here recorded, 
there was no contamination. The flasks were incubated at 37°, and, since the 
tube containing the cotton wool plug was open to the air during incubation, 
the experiments took place under aerobic conditions. . 
The following estimations were made on each sample: 


I. Total nitrogen. 


The nitrogen present in 100 c.c. medium was estimated by the Kjeldahl 
method in the usual way. Since experience showed that there was practically 
no variation in the total nitrogen during the experiment, determinations were 
only made at the beginning and end of the experiment. In this, and in the 
subsequent estimation of free ammonia, the excess of standard acid was 
always estimated by adding potassium iodide and potassium iodate, and 
titrating the iodine liberated with standard sodium thiosulphate. 


II. Ammonia and amino acid nitrogen. 


200 c.c. of culture medium was introduced, without previous sterilisation, 
into a litre Claisen distilling flask, 100 ¢.c. alcohol, and 10c.c. of a 10% 
suspension of pure lime were added. The free ammonia was distilled off, on 
vacuo, at 40°-45°, and absorbed in an excess of standard N/10 acid. The 
distillation apparatus used was that recommended by van Slyke [1911, 2] for 
the estimation of the ammonia formed during the hydrolysis of proteins. By 
this means, one avoids the decomposition into ammonia of readily hydrolysable 
nitrogen compounds which might be formed by the action of bacteria on 
histidine (e.g. urea). By titration of the excess of acid present, the amount of 
ammonia formed by the organism studied can be calculated. 

After half-an-hour’s distillation, the apparatus was disconnected. An 
excess of glacial acetic acid was added to the Claisen flask, and the solution 
was concentrated in vacuo to a volume of a fewe.c. This was then washed out 
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quantitatively into a 25 e.c. flask, and 2 ¢.c. of glacial acetic acid were added to 
prevent any possible action by bacteria which might by this time still be alive, 
and the whole was made up to 25 c¢.c. The amino acid nitrogen present was 
then estimated by van Slyke’s [1912] method, 8 ¢.c. being used for each of 
the estimations, which were done in triplicate. 

All the samples were taken at the same time each day, so that periods 
represented whole days, and all the estimations on one sample were done on 
the same day. In the subsequent table, the different forms of nitrogen are 
expressed as milligrams of nitrogen per 100 ¢.c. of the medium, and are cor- 
rected for impurities due to reagents, ete. 

In all the curves given to express graphically the results obtained (pp. 
452—455), the following plan has been used: 


Curve B = — represents the amino acid nitrogen (B) at different 
times. 

Orin, few Gk —— eee IF represents the ammonia nitrogen (C). 

Curve D = —------- represents the ¢ofal non-amino nitrogen (D), 

Curve H = —— --—— represents the non-amino nitrogen (£). 


A consideration of the results shows that, with the exception of B. 
proteus vulgaris, the general type of curve is very similar in each case. They 
all show a gradual decrease in amino acid nitrogen (B) and total non-amino 
nitrogen (D), along with a gradual increase in the ammonia nitrogen (C) and 
non-amino nitrogen (£). Notably with B. pyocyaneus, and to a less extent 
with B. proteus vulgaris, the end point of the reaction is reached much more 
quickly than with the other organisms. A comparison of the relative rates 
of production of ammonia nitrogen (C) and non-amino nitrogen (/), and of 
the decomposition of amino acid nitrogen (B) and total non-amino nitrogen 
(D) shows the following interesting differences: 

(a) With B. paratyphosus A, and the two experiments with B. para- 
iyphosus B, the rates of each of these reactions increases to a maximum which 
occurs between the twentieth and thirtieth days, and then decreases. 

(6) With B. faecalis alcaligenes, B. pyocyaneus, and B. proteus vulgaris, 


the rates of each of these reactions are all decreasing over the whole course of » 


incubation. 

B. proteus vulgaris is sharply differentiated from all the other organisms 
studied, by the fact that no ammonia is produced from the nitrogen contained 
in the iminazole nucleus. 

A clearer conception of the meaning of the results obtained is gained by 
comparing the ratios of values obtained by experiment with those which would 
arise in any hypothetical case. Thus, if the following values are assigned to 
the letters given: 

B = Total decrease in amino acid nitrogen during the course of the experi- 
ment, 7.e. the difference between the initial and final amino acid nitrogen 
values; 
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Table I. 
Distribution of nitrogen in milligrams per 100 ¢.c. of medium. 
Period of Total 
Organism incubation Total Amino acid Ammonia non-amino Non-amino 
studied indays nitrogen nitrogen nitrogen nitrogen nitrogen 
A B Cc D E 
B. paratyphosus A —- 51-41 16-70 0-59 34-12 0-72 
Expt I (Fig. 1) 9 51-41 14-65 3-53 33°23 3:93 
17 51-41 10-82 8-75 31-84 10-82 
24 51-41 7-72 13-51 30°18 15-44 
3l 51-41 5:17 18-42 27-82 17-48 
38 51-41 2-58 22-83 26-00 20-84 
45 51-20 1-02 25-49 24-69 22-65 
B. paratyphosus B —- 50-07 16-37 0-51 33-19 0-45 
(Birmingham) 8 50-07 14-47 3°39 32-21 3:27 
Expt II (Fig. 2) 16 50-07 12-02 7-70 30°35 6-31 
23 50-07 8-79 13-29 27-99 10-41 
30 50-07 4-62 20-69 24-76 15-52 
37 50-07 1-35 26°55 22-17 19-47 
43 49-75 1-22 27-55 20-98 18-54 
B. paratyphosus B a 51-75 16-63 0-67 34-45 1-19 
(Schottmiller) 5 51-75 15-36 3-1) 33-28 2-56 
Expt UI (Fig. 3) 19 51-75 7:33 18-13 26-29 11-63 
26 51-75 2-83 24-46 24:46 18-80 
38 51-75 2-39 26-76 22-60 17-82 
73 51-06 40 27:67 21-99 19-19 
B. faecalis alcaligenes (i) = — 52-21 17-14 0-66 34-41 0-13 
Expt IV (Fig. 4) 5 52-21 12-29 9-02 30-90 6-32 
8 52-21 10-41 12-12 29-68 8-86 
14 52-21 7-44 18-68 26-09 11-21 
22 52-21 5-04 23-68 23-49 13-41 
30 52-21 4-24 26-41 21-56 13-08 
57 52-05 4-25 27-75 20-05 11-55 
B. faecalis alcaligenes (ii) =— 46-44 15-13 0-21 31-10 0-84 
Expt V (Fig. 5) 4 46-44 13-45 3:26 29-73 2-83 
9 46-44 12-09 6-03 28-32 4-14 
16 46-44 9-62 10-58 26-24 7-00 
25 46-44 6-69 17-35 22-40 9-02 
38 46-44 4-24 22°57 19-63 11-15 
72 47-76 1:07 31-38 15-31 13-17 
B. pyocyaneus ~- 51-60 16-68 0-55 34:37 1-01 
Expt VI (Fig. 6) 3 51-60 13-62 9-02 28-96 1-72 
7 51-60 8-52 17-49 25-59 8-55 
12 51-60 4-14 27-27 20-19 11-91 
19 51-60 1:50 35-65 14-45 11-45 
25 51-60 1-03 37-04 13-53 11-47 
33 51-51 0-75 37-61 13-15 11-65 
B. proteus vulgaris — 51-63 16-62 0-66 34-35 1-11 
Expt VII (Fig. 7) 5 51-63 10-77 6-20 34-66 13-12 
8 51-63 8-67 8:38 34-58 17-24 
15 51-63 7-42 9-44 34-77 19-93 
23 51-63 6-73 9-93 34:97 21-51 
35 51-60 5:87 10-59 35°14 23-40 
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Fig. 1. Experiment I. B. paratyphosus A. 
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Fig. 3. Experiment III. B. paratyphosus B (Schottmiiller) 
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Time in days 
Fig. 5. Experiment V. B. faecalis alcaligenes (ii) 


Nitrogen in milligrams per 100c.c. medium 


au: 
25) 10 15 20 25 30 
Time in days 


Fig. 6. Experiment VI. B. pyocyaneus 
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C = Total increase in ammonia nitrogen under the same conditions; 
D = Total decrease (or increase) in total non-amino nitrogen (as previously 

defined) ; 
E = Total increase in non-amino nitrogen (as previously defined) ; 
the ratios which these values would have in the following hypothetical cases 
may be considered: 

(i) Simple de-aminisation of the side chain, Vf the amino acid nitrogen 
in the side chain were converted into ammonia, then 

SiGe Mie Or eH ao 


Bop heal 


Nitrogen in milligrams per 100 c.c. medium 


5 10 15 20° +25 30 35 40 45 50 

Time in days Fig. 7. Experiment VII. B. proteus vulgaris 
(ii) Simple decarboxylation of the side chain. If this reaction alone took 
place, no ammonia would be formed. The amino acid nitrogen would decrease, 
since the amine grouping —CH,—NH, does not give any appreciable amount 
of nitrogen under the conditions employed for estimating amino acid nitrogen. 


CaO a eis Ss 


(iii) Production of ammonia from both side chain and nucleus. Since there 
are two nitrogen atoms in the iminazole nucleus, we may assume that either 

(a) both nuclear nitrogen atoms and side chain nitrogen would be attacked 
at the same rate, then 
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or (6) only one of the nuclear nitrogen atoms, in addition to the side chain 
nitrogen, would be attacked, then 
Ce ae ae i 


Bo eae We oi 
The ratios obtained for the different bacteria investigated, calculated from 
the results previously given, are summarised in the following table. 


C  25-49-0-59 24-90 _ 1-59 
| Thus e.g. for B. paratyphosus A, = 16.70 — 1.09 = 15-68 = a | 


Table II. 


Organism C D di 
as B B B 
C 6 . 
B. paratyphosus A a 0 = se 
B. paratyphosus B (Birmingham) = ae a 
77 )-82 . 
B. paratyphosus B (Schottmiiller) : ; : ie ae 
. ; aK . 
B. faecalis alcaligenes (i) : : - —— 
2.99 19 .Q07 
B. faecalis alcaligenes (ii) = 7 ! ie = 
B. pyocyaneus Bee 1-33 0-67 
. pyocya - = : 
4 0-985 0-073 2-07 
B. proteus vulgaris i ; = 


From a consideration of the results given in Table II, and from the different 
graphs, it seems justifiable to draw the following conclusions: 

(i) B. proteus vulgaris alone, of the organisms investigated, cannot produce 
ammonia from either of the nitrogen atoms in the iminazole nucleus, although 
it does so from the nitrogen atom in the side chain. This is probably due to 
one of two causes: 

(a) The inability of the organism to open the ring. If this explanation, 
which seems the more probable, is correct, the reason would appear to be 
that the enzyme, which enables the other bacteria investigated to open the 
iminazole ring, is not present in B. proteus vulgaris. The evidence offered in this 
paper seems to point, in fact, to the presence in many bacteria of a specific 
enzyme (perhaps more than one), which has the power of splitting open the 
iminazole ring, and producing ammonia from the nitrogen atoms contained 
in the opened ring. The ease with which this change is brought about by 
bacteria is in marked contrast to the well-known stability of the iminazole 
ring towards most chemical reagents. 

-..@ (b) The possibility, an improbable one, that although B. proteus vulgaris 
can open the iminazole ring it cannot convert the nitrogen contained in the 
ruptured ring into ammonia. 

(ii) None of the bacteria produced simple decarboxylation of the histidine, 
and it is to be regretted that for the sake of completeness it was impossible 


or 
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under conditions prevailing at the time, to obtain a culture of one of the well- 
known decarboxylating bacteria. 

(ii) B. faecalis alcaligenes, B. pyocyaneus, B. paratyphosus A, and B. 
paratyphosus B produce ammonia both from the nitrogen in the side chain 
and in the nucleus. All these bacteria attack the histidine molecule as a whole 
by a series of reactions which proceed concurrently, and produce a complete 
breakdown of at least a portion of the iminazole ring. Two of them, B. faecalis 
alcaligenes and B. pyocyaneus, produce ammonia from the ring more quickly 


than they produce it from the side chain. Since the ratio 2 is greater than i 


: PaO 4c Dries - : 
and since the ratio 7 is greater than ; with these two organisms, it follows 


that ammonia is formed by each of them from each of the three nitrogen atoms 
in the histidine molecule. The fact that the ratio 3 is in the one case = 


and in the other 7°” probably explains the previously described failure to 


1 
isolate any iminazole compound from the action of B. pyocyaneus on histidine. 


A comparison of the ratios obtained with B. paratyphosus A and B. para- 
typhosus B shows that these two organisms, and more particularly B. para- 
(yphosus A, produce ammonia from the side chain more quickly than they do 


from the ring since the ratio = is in each case less than = The fact that the 
ratio for B. paratyphosus A 4#s relatively large (=*) explains why such 
a good yield of urocanic acid was obtained as a result of the action of this 
organism on histidine, since = represents the ratio of end products, other than 


ammonia, to histidine decomposed. 


It is of interest to note that though the value of any one of the ratios 
Ceyp 
PG 
very good agreement for different strains of the same organism (e.g. for two 
different strains of B. paratyphosus B and of B. faecalis alcaligenes). 


= is different for each of the different bacteria investigated, they show 


SUMMARY. 


The aerobic breakdown of histidine by bacteria (B. paratyphosus A, B. 
paratyphosus B, B. faecalis alcaligenes, B. pyocyaneus, and B. proteus vulgaris) 
was studied quantitatively. 

The results obtained showed that: 

(i) B. paratyphosus A, B. paratyphosus B, B. faecalis alcaligenes, and 
B. pyocyaneus can attack, and produce ammonia from, the nitrogen atoms in 
both the side chain and the iminazole nucleus of the histidine molecule, thus 
proving that they are able to open the iminazole ring. 

(ii) With B. proteus vulgaris, ammonia is formed only from the side chain 
nitrogen, and it is very probable that this organism is unable to open the 
iminazole ring. 
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INTRODUCTION. 


Durtne the last few years, the assimilation of nitrogen by the lower organisms 
of the vegetable kingdom has formed the subject of an ever-increasing number 
of investigations, the results of which have rendered evident the great im- 
portance of this question in its bearing on the problems of both pure and 
applied chemistry. — 

Of these researches, not the least suggestive, from a purely chemical, as 
well as from an industrial, standpoint are those of Felix Ehrlich and his 
collaborators, who succeeded in establishing the fact that the “fusel oil” of 
the distiller is produced by the action of yeast on the amino-acids in the wort, 
yielding the corresponding alcohols, such amino-acids being the degradation 
products of the proteins originally present. 

It is not necessary to trace the history of this theory, first put forward bv 
A. Miiller in 1857, and either disregarded or discredited until Ehrlich in 1903 
proved that the a-amino-acids when treated with yeast in a saccharine solution 
give the corresponding alcohols. 

The object of the work described in the present communication was the 
closer investigation of those factors which affect the nitrogen metabolism in 
yeast, not only from the point of view of the assimilation of the nitrogen 
detached from the amino-acid during its conversion into an alcohol, but also 
from the point of view of an apparent excretion of nitrogen which takes place 
with yeast under certain circumstances. 


Part I. INVESTIGATION OF THE FACTORS WHICH INFLUENCE THE 
ASSIMILATION OF NITROGEN FROM AMINO-ACIDS BY YEAST. 


Theoretical. 


In view of the important and fundamental character of the work of 
Ehrlich, it was deemed advisable to repeat the final experiments of this 
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worker, and the results obtained with leucine confirmed Khrlich’s con- 
clusions, namely, (1) that the amount of nitrogen lost by the amino-acid equals 
the amount gained by the yeast; (2) that the amount of nitrogen lost by the 
liquid corresponds to the amount of amyl alcohol formed; (3) that the amount 
of aleohol formed corresponds to about half the weight of leucine introduced 
initially into the solution. An extension of the same method to the desamina- 
tion of asparagine gave further confirmatory results, but here, as would be 
expected, analysis of the resultant liquid failed to reveal the presence of any 
of the higher alcohols, a result quite in agreement with the theory of Ehrlich, 
according to whose equations the only product formed by the extraction of 
nitrogen from asparagine would be ethyl alcohol. 

The main conditions under which these experiments were carried out may 
be briefly summarised as follows: 

(1) Yeast of low nitrogen content. 

(2) Non-multiplying yeast. 

(3) Large amount of sugar available for fermentation. 

The first of these conditions is contingent on the statement of Ehrlich that 
a yeast of low nitrogen content has a greater assimilatery power for nitrogen 
than has one in which the percentage of protein matter is high, and a com- 
parison of two yeasts of the same race but containing different percentages of 
nitrogen showed that there was a small but distinct difference between the 
amounts of nitrogen assimilated by the yeasts, the comparison being made 
with yeasts in which the difference in the nitrogen content was artificially 
induced by previous treatment. 

The amount of yeast added to the saccharine amino-acid solution in 
Ehrlich’s experiments precluded the possibility of cell reproduction and it 
consequently appeared probable that the conclusions drawn from these 
experiments might not be valid if the yeast were in a state of active cell 
multiplication during the time the nitrogen assimilation was taking place. 

To elucidate this point saccharine amino-acid solutions containing the 
inorganic salts commonly employed as yeast nutriment (Pasteur) with the 
exception of the ammonium salts—the amino-acid taking their place—were 
seeded with a pure culture of S. cerévisiae in such amounts that the yeast 
concentration in three experiments was 1, 10, and 100 cells per unit volume 
respectively, and the results so obtained are of a most interesting character. 

In the first place they show that an excess of yeast extracts the maximum 
total amount of nitrogen, that is to say, that, from equal volumes of an amino- 
acid solution a suspension of 100 cells/71 assimilates a much greater amount 
of nitrogen than a suspension of 10 cells/7. On the other hand, regarded from 
the point of view of a single cell, the greater the cell concentration the less the 
amount of nitrogen assimilated by each cell (calculated on the number of cells 
found in the solution at the end of the experiment). 


1 T is the symbol for the standard unit volume of 1/4000 cubic millimetre. 
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The following figures (mean of three typical experiments) demonstrate 
this: 


Table I. 
G. nitrogen extracted per unit cell 
—<$<<_§_—_—— 
Rate of seeding Leucine Asparagine 
100 cells/T 3:37 x 10-4 IWb3ix 10m 
10 cells/T’ 8-87 x 10-4 12-85 x 10~4 
1 cell/T 31-95 x 10-4 31-45 x 10-4 


The figures (see experimental section) show a noticeable lack of increase 
in the number of cells in those experiments seeded at the rate of 1 cell/T. 

There are apparently three factors which might account for this, (1) lack 
of oxygen, (2) effect of the products of fermentation, (3) effect of some sub- 
stance originally present. 

Experiments proved the first factor to be of no practical importance, for 
aerated and non-aerated fermentations yielded similar results. 

The second factor is more difficult of consideration. On the assumption— 
a very simple one—that theglecrease in the amount of nitrogen is an indication 
of the amount of action which has taken place, and that consequently it is 
proportional to the quantity of any inhibitant formed, it follows that (taking 
concrete examples from the results recorded in the experimental part) in two 
leucine experiments (Tables III and IV) seeded with 10 (B) and 1 (C) cell per 
unit volume respectively, the inhibitant should be in the ratio 0-0317 to 0-0195, 
a concentration reached when the number of cells in these two experiments were. 
32 and 7 respectively. Thus it follows that each cell in B would be influenced 
by 0-0317/32 parts of inhibitant whilst each cell in C had to sustain the action 
of 0-0195/7 parts, that is 9-9 parts in B to 28-0 parts in C. Therefore if such a 
body is formed there is here a reason for the lack of increase in C, the experi- 
ment seeded with 1 cell per unit volume. It should be noted, however, that 
careful analysis of the fermented liquids failed to show the presence of any 
inhibitory body. 

With regard to the third factor it must be remembered that amino-acids 
although providing food for yeast, exert retarding influences on the repro- 
ductive capacity of the yeast cell, and it may also be that these amino-acid 
preparations may contain minute traces of bodies which in the light of modern 
knowledge may have an inhibitory effect on the reproductive activity of the 
yeast. It has been shown that in the case of antiseptics, a certain concentration 
will stop the growth of an approximately definite number of organisms, but if 
the number of organisms be increased there will be a limiting value for the 
amount of antiseptic per cell, below which value reproduction can take place. 
It may be that the preparations of amino-acid used act in a similar manner, 
and that 100 cells/T gives in the above experiments a concentration of amino- 
acid below the limiting value, while the 1 cell/Z7' is above this value and con- 
sequently reproduction is retarded. 
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Yet one other point of interest is attached to this series of experiments, 
namely, the irregularity of the final nitrogen coefficient of the yeast; but a 
comparison shows that the final value of this coefficient is apparently connected 
in some way with the reproductive activity of the yeast, and that for one set 
of factors the yeast has apparently a specific nitrogen coefficient. (Table VIII, 
p. 468.) 

Rxperimental. 


1. Fermentation of leucine and asparagine solutions. The preliminary 
experiments which were carried out during the course of these investigations 
were, as has already been stated, conducted along the lines given by Ehrlich 
himself, and consisted essentially of the fermentation of sugar solutions con- 
taining amino-acids, by yeasts of low nitrogen content. The results demon- 
strated clearly the truth of the conclusions which this worker himself drew. 
Applying the same method of experiment to the fermentation of asparagine, 
further confirmatory results were obtained, but in this case, as would be 
expected, careful analysis of the resultant liquid failed to show the presence 
of any higher alcohol. 

2. Effects of original nitrogen coefficient of yeast. In order to test the 
statement that a yeast of low protein content extracts more nitrogen than 
one in which the amount of protein is high, a comparison was made -between 
yeasts of different protein content. The seed-yeasts were prepared, in the 
one case by allowing the yeast to ferment without cell-multiplication in a wort 
rich in nitrogen, and in the other case by growing a sample of the same yeast 
in the wort diluted with water, the yeast being seeded at the rate of 10 cells 
per unit volume 7. The yeasts thus prepared were finally washed and intro- 
duced at the rate of 10 cell/T into a 10 % cane sugar solution containing 0-1 % 
nitrogen as asparagine, and the liquid maintained at 37°. At the end of two 
days the fermentation was finished, and the following results were obtained. 


Table IT. 
Seed yeast Total nitrogen in solution 
— _ °% nitrogen 
Condition % nitrogen Before After assimilated 
Low 6-85 0-1000 0-0748 25-20 
High 9-32 0-1000 0-0780 22-00 


The distinct, although small, difference between the two numbers in the 
final column confirms Ehrlich’s statement that the amount of nitrogen ex- 
tracted is to some extent related inversely to the amount of protein originally 
present in the organism. At least this is so for yeasts of an artificially high or 
low nitrogen content. 

3. Effects of cell reproduction on nitrogen extraction. The effect of active 
cell multiplication on nitrogen absorption was investigated by seeding a 
nutrient amino-acid solution with a pure culture of S. cerevisiae, the yeast 
being added to the solution as a suspension in sterile water, in such volume 
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that the resultant mixture contained in three series, 1, 10, and 100 cells/T. 
The composition of the nutriment itself was: 


Cane sugar... oe aoe 10-00 % 
Potassium di-hydrogen phosphate 0-20 
Calcium phosphate 0-02 
Magnesium sulphate 0-02 
Nitrogen (as leucine or asparagine) 0-10 
Water to : —e 100-00 
Tables IIT and IV give the results obtained in two such series. 
Table IIT. 
Before fermentation After fermentation Difference 
Rate of ES Res ree 
seeding a b ( d e We g Te sere 
Source per unit Total N Total N Ni Increase Decrease 
of N volume in yeast in acid N in yeast in acid Ninyeast WN inacid 
Leucine | { 0-3256 0-2122 0-1134 0:3227 0-2444 0-0783 0-0322 0-0351 
Aspar. J (0-3991 0-1764 0-2227 0-3976 0-2830 0-1146 0-1066 0-1081 
caneg, 10 { 0-1346 0-0212 0-1134 0-1280 0-0463 0-0817 0-0251 0-0317 
Aspar. .0-2403 0-0176 0-2227 0-2378 0-0561 0-1817 0-0385 0-0410 
Leucine \ i 0-1155 0-002] 0-1134 0-1206 0-0267 0-0939 0-0246 0-0195 
Aspar. J .0-2245 0-0018 0-2227 0-2254 0-0280 0-1974 0-0262 0-0253 
Table IV. 
No. of cells per T 
Rate of —— A —_———_~., N coefficient of yeast x 104 N increase 
seeding k L : Uk m — . —~, per unit 
Source per unit Coefticient of No. of n p qd cell x 104 
of N- volume Before After multiplication newcells Before After Difference t 
Leucine | (97-8 94-3 — — 21-7 25-9 + 4-2 3°41 
Aspar. ql (97-8 93-4 — = 18-0 30-3 +12:3 11-50 
Leucine } 10 if 9-8 32-0 3-28 22-2 21-7 14:5 = TED 7:84 
Aspat. J L 9-8 33-1 3°37 23°3 18-0 17-0 — 10 11-60 
Leucine | J 1-0 6-9 6-90 5:9 2-7 38:7 +17-0 35-65 
Aspar. J L 1-0 7:9 7-90 6-9 18-0 35-5 +17°5 33-16 


In the above results the small increase in the number of cells in those 
experiments seeded at the rate of 1 cell/7' is very noticeable, and the following 
experiments were conducted in order to get some idea of the state of the cells 
at the termination of the fermentation. 

4. Final condition of the yeast cell in experiments seeded at 1 cell/T. A 
nutrient asparagine solution (of composition given above) was seeded at the 
rate of 1 cell/T, and allowed to ferment at 37° in the usual manner. At the 
conclusion of the fermentation, a count of the number of yeast cells was made, 
the yeast separated by filtration and the filtrate distilled in vacuo at 40°. The 
residue was then dissolved in 10 % sucrose solution, and the solution made up 
to the original volume of the asparagine solution, and finally treated with the 
previously separated yeast. On the completion of the second fermentation, 
a count of the cells was again made, with the following results: 


Table V. 
No. of cells per unit volume Coefficient of 
Fermentation ae multiplication 
First 1-10 9-20 8-36 
Second 9-00 31-40 3:49 
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This then conclusively proves that the yeast in the initial experiment 
(seeded at the rate of 1 cell/7’) was not killed, but that its reproductive activity 
had been retarded. 

5. Effect of aeration on nitrogen extraction by yeast. Fermentations were 
conducted as previously described (leucine and asparagine being added as 
the sources of nitrogen in two parallel series), except that the fermenting liquid 
was aerated by the passage of a stream of sterile air for a short time each day. 
The results are given in the following table, together with those previously 
shown in Table III for purposes of comparison. Experiments with asparagine 
gave confirmatory results. 


“ Table VI. 
Conditions Nitrogen in solution 
: —— g. per 100 ce. No. of cells per unit volume Coefficient 
Rate of —_ —————— ————_-—~ of multi- 
seeding Aeration Before After Decrease Before After Increase plication 
100 3 Non-Aerated = 0-1134 0-0783 0-0351 97:80 94:30 — — 
Aerated 00-1094 0-0698 0-0396 99-00 98-00 — = 
re Non-Aerated 01134 0-0817 0-0317 9:80 32:00 22-20 3:28 
l Aerated 0- 1094 0-0786 0-0308 9-90 33-20 23-30 3°35 
1 \ Non-Aerated 0-1134 0-0939 0-0195 1-00 6-90 5-90 6-90 
l Aerated 0-1094 0-0914 0-0180 1-00 8-40 7-40 8-40 


6. Effect of the conditions of cell reproduction on the final nitrogen coefficient 
of the yeast. The following table shows that there is apparently some con- 
nection between the final nitrogen coefficient of the yeast and the conditions 
of cell reproduction, for the mean of the three quoted experiments seeded at 
100 cells/T is 0-0026, at 10 cells/7 is 0-0016, and at 1 cell/T is 0-0036. 


Table VII. 

Nitrogen coefficient of yeast x 101 

Initial Final 
=a a= > 
Experiments A B C 

Amino-acid A, Band C 100 cells/T 10 cells/T 1 cell/T 

Leucine 21-7 25-0 14-0 38-0 
s 18-0 24-0 16-0 35-0 
Asparagine 18-0 30-0 17-0 39:0 


Part II. CoNSIDERATION OF THE THEORY OF THE MECHANISM OF THE 
REMOVAL OF NITROGEN FROM AMINO-ACIDS BY YEAST. 

Fifteen years ago Ehrlich [1905] put forward his theory of the degradation 
of amino-acids by yeast, explaining the action as follows. The (NH,) groups 
of the amino-acids are first split off from the parent molecule by the action of 
some desaminating enzyme, with the formation of the corresponding hydroxy- 
acid. The ammonia thus liberated is assimilated by the yeast and probably 
used in the construction of protein matter. At the same time the hydroxy-acid 
is subjected to what is presumably the ordinary zymatic action of the yeast, 
namely, the liberation of carbon dioxide and consequent formation of an 
alcohol, an action analogous to the supposed decomposition of lactic acid 
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under similar circumstances to carbon dioxide and ethyl alcohol. This theory 
states then that a hydroxy-acid is the intermediate product of the desamina- 
tion. 

Six years later, however, some work was published by Neubauer and 
Fromherz [1911] which carries Ehrlich’s work a step further, in that they 
isolated a ketonic acid as the intermediate product of the action. They modify 
the theory of the action, for, in their opinion, the degradation is represented 
graphically as follows: 


R R R R R 
| +0 cle OH. .=NHe. | 200g." rs: 
CH.NH, > SC i OO cs FOO! ks” CHLOH 
\NH, ' | 

COOH COOH COOH _ H R 
~~ CHOH 

+H, I 
OOH 


According to both these theories, the degradation of the amino-acid 
molecule is primarily caused by a hydrolysing enzyme, followed by a zymatic 
one, but Neubauer and Fromherz’s explanation also requires the presence in 
the yeast of two others, an oxidising and a reducing enzyme. 

The intermediate body, according to Ehrlich, is a hydroxy-acid, and 
Neubauer and Fromherz have succeeded in separating such a body, although 
they state it to be a reduction bye-product of the true intermediate body, the 
ketonic acid. 

In any case the alcohol corresponding to the amino-acid, as shown in the 
above formulae, results: tyrosine, phenyl-amino-acetic acid, serine, and 
a-amino-a-methylbutyric acid, all have been shown by Ehrlich to yield the 
expected alcohol. 

Hans Pringsheim [1906, 2] has also studied the desamination of the amino- 
acids more particularly in connection with the Mucors, and concludes from 
his results that for nitrogen to be assimilated from a complex molecule the 
group (—CO—CH—NH) must be present, and as proof of this gives the 
following list of bodies which he has succeeded in decomposing by moulds: 
glycine, alanine, leucine, tyrosine, aspartic acid, phenylglycine, allantoin, 
phenylalanine, and hippuric acid. He further states that a long side chain 
favours such a degradation. 

This production of alcohols from amino-acids is, however, quite distinct 
from the ordinary zymatic action of the yeast, for both Ehrlich [1906] and 
Pringsheim [ 1906, 1] have proved that no amy] alcohol is formed from leucine 
by the action of active “acetone yeast” in the presence of sugar. 

Thus the following conclusion naturally presents itself: There are two— 
in some ways different—actions taking place, (1) the desaminating action 
proper, and (2) the zymatic action. It appears probable that could these two 
actions be separated some light would be thrown on the extraction of nitrogen 
from amino-acids by yeast, and therefore it may be that by suppressing those 
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actions connected with the zymatic activity the presence in the yeast cell of 
a desaminating enzyme could be proved. 

Effront [1908] apparently succeeded in doing this to a certain extent, for 
he found that in the decomposition of amino-acids by yeast in an alkaline 
medium he could demonstrate the presence of an enzyme, amidase, which 
under certain conditions liberates the whole of the nitrogen of amino-acids 
as ammonia, leaving various acids as the result of the action. For example, 
the whole of- the amino-acid nitrogen of asparagine and part of the nitrogen 
of the yeast material itself are set free as ammonia in 96 hours. He also states 
that the enzyme can be obtained in solution. 

fixperiments carried out along the lines described by Effront showed two 
fertile sources of error, namely, bacterial growth and the presence in the liquid 
to be distilled of free alkali, both of which would nullify any results obtained 
| Effront, 1909]. 

The conditions of experiment are such that the yeast is dead, and a further 
proof that the action is quite independent of the life of the yeast was obtained 
bythe use of dried, finely ground yeast instead of the pressed yeast before 
employed, the results showing that a little less than 75 % of the nitrogen was 
liberated as ammonia (Table IX, p. 469). 

Thus the presence in the yeast cell of a desaminating enzyme, independent 
of the life of the yeast cell itself, seems to be proved, although it has been 
found impossible to extract the enzyme from the yeast in the manner described 
by Effront (EHaperimental Section, § 2). 

Besides this desaminating ferment, amidase, however, another enzyme 
which causes hydrolysis analogous to the supposed hydrolysis by amidase was 
discovered in yeast by Shiga [1904]. This enzyme was arginase, and had 
previously been found in animal tissue by Dakin [1904] and its action more 
fully investigated by Kossel and Dakin [1904, 1, 2]. Its specific activity is the 
hydrolysis of arginine to ornithine and urea, although experiment proved the 
action to go further, the urea itself being hydrolysed. 

Kossel and Dakin not only discovered this enzyme, but they also succeeded 
in separating it in a solid form from solution by precipitation [Kossel and 
Dakin, 1904, 3], and as the tissues which contain arginase act vigorously on 


asparagine, glutamic acid, etc., it seemed possible that this enzyme was the. 


one at work in the experiments conducted by Effront. This possibility was 
more or less discountenanced by Effront’s observation that amidase would 
not act in an acid medium, while the arginase of Kossel and Dakin is extracted 
by and is active in a 0-2 % acetic acid solution. Attempts at acid extraction, 
however, also proved abortive, and one is forced to the conclusion that the 
enzyme amidase is either in an insoluble state in its original form in the yeast 
tissue, or that it depends for its action upon a coferment which cannot be 
extracted by the means employed above. 

If the action were a simple hydrolysis, malic acid should result from 
asparagine, but Effront states that the chief product of the action is propionic 


——————————— 
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acid. This being the case, the action must be a complex one and zymatic and ~ 
reducing enzymes must also take part in the degradation. That yeast can, 
under suitable conditions, reduce the hydroxy-group of malic acid was proved 
by A. Fitz! who obtained calcium succinate from calcium malate. Reduction 
is also necessary in the theory of Neubauer and Fromherz. 

Analysis of the liquid resulting from the action of yeast on asparagine 
under Effront’s conditions revealed the presence of volatile fatty acids, 
apparently acetic and propionic, together with a non-volatile acid corre-., 
sponding in molecular weight with malic which was present in an amount 
equal to about 60 % of the asparagine destroyed. 

Presuming this removal of ammonia to be the first step in the fermentation 
of amino-acids, then malic acid—or ammonium malate—should be fermentable 
by yeast to yield ethyl alcohol alone. Experiment proved that under normal 
conditions of fermentation malic acid was unattacked by yeast, a result con- 
firmed by some work of Oskar Emmerling [1899: reference to which was not 
found until after the work was completed] who found that while a pure culture 
of B. lactis aerogenes fermented malic acid to form succinic and formic acids 
with a little carbon dioxide and ethyl alcohol, pure cultures of brewery yeast 
had no action on malic acid, the apparent action of ordinary cultures being 
due to bacterial contamination. | 

It was thought, however, that the ammonium salt might act in an alto- 
gether different manner, for salts are often attacked while the acids themselves 
resist the action, e.g., it has been stated that calcium malate is reduced by 
yeast to calcium succinate, and it seemed quite possible that the ammonium 
salt might serve as a source of nitrogen for the yeast cell. This was found to 
be the case, for, in the presence of sugar, yeast attacked ammonium malate, 
ethyl alcohol being the only product of the fermentation revealed by analysis 
of the resultant liquid. Effront states that the chief product of the action of 
amidase on asparagine is propionic acid, and consequently were the action of 
amidase the first step in the fermentation of this amino-acid then ammonium 
propionate should also be fermentable. This proved to be the case, although 
only to about half the extent of ammonium malate but quite sufficient to 
preclude the possibility of drawing any definite conclusions as to the réle of 
malic acid in the fermentation of amino-acids. 


Experimental. 


1. Desamination by yeast in alkaline solutions. The method of conducting 
the desamination of amino-acids by amidase as given by Effront is as follows: 
2 ¢. of asparagine and 10 ¢. of pressed yeast are mixed together with a little 
water, 6 cc. of N NaOH are then added and the mixture made up to 100 cc. 
with water. The ammonia formed as a result of the action of amidase on the 

1 Richter’s Organic Chemistry (Smith), 1, 488. I cannot find reference to this work, the nearest 


being that of A. Fitz [1879] who found that certain schizomycetes acted upon malic acid to 
produce succinic and acetic acids. 
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asparagine is determined at intervals in a portion of the filtered liquid by dis- 
tilling in vacuo with magnesia; controls of asparagine alone and of yeast alone 
are carried out concurrently. 

The preliminary experiments were carried out in this manner, but as stated 
above it was found that abnormal results were obtained. Consequently in the 
following experiments toluene was in all cases added as an antiseptic and 
previous to distillation the sodium hydrate was neutralised by sulphuric acid?. 
The following are typical results: 


Table VIII. 


After 120 hours action 


Initial - ——___________-A- - -——--— -, 
nitrogen °% of initial N 
in liquid Total N | Ammoniacal N as NH, 
1-1200 1-1295 0-8064 72 
1-4500 1-1600 0:8477 74 


2. Attempts to obtain amidase in alkaline solution. In a second parallel 
experiment the liquid was filtered after 72 hours and the filtrate divided into 
two portions; to the one 5g. of asparagine were added, whilst the other was 
boiled to serve as a control. The liquids were kept at 37° for three days when 
the free ammonia was estimated, with the result that the control liquid was 
found to contain the same amount as the test itself, a result directly in op- 
position to the statement of Effront that under such conditions the enzyme 
is easily extracted. 

3. Altempts to obtain amidase in acid solution. About 100g. of pressed 
yeast were ground in a mill and extracted with 100 ce. of 0-2 % acetic acid 
for three days at 37°. The liquid was then filtered, and the filtrate, presumably 
containing the enzyme, divided into two parts and treated as in the alkaline 
extractions. The results were quite negative. 

4. Proof that the action of amidase is independent of the life of the cell. An 
amount of dried yeast, finely ground, corresponding to the amount of pressed 
yeast used in the previous experiments was introduced into the amino-acid 
solution, and the action allowed to proceed as in the cases already described. 
The results obtained are given in Table IX. 


1 The form of distillation apparatus used was one devised by Brown [1903, 1] a modification 
of the Longi apparatus as used in the Sachsse-Schloesing-Longi method of ammonia estimation. 

A great difficulty was at first experienced in these distillations by reason of the vigorous 
frothing which occurred when the pressure was reduced to about 50 mm. (at 40°) or when the 
temperature reached 35° if the pressure was previously reduced to 20 mm. It was found, however, 
that after raising the temperature to 40° and keeping the pressure at 100 mm. for about 15 to 20 
minutes, the pressure could be diminished and the liquid would boil quite normally. The 
distillations were conducted at 40° and 12-15 mm. pressure. As a safeguard against sudden 
frothing carrying the liquid over into the receiver, a tap was inserted in the apparatus between the 
hot water jacket and the receiver so that on the slightest indication of frothing, the pressure in 
both the distillation flask and receiver could be immediately increased. It also served as a means 
of keeping the vacuum at the desired pressure in the first part of the distillation. 
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Table IX. 
Time in Total N in Total Nas % nitrogen 
hours liquid NH, in liquid as NH, 
24 1-1199 0-3927 35-06 
48 1-1200 0-7707 68-80 
120 1-1205 0-8069 72-00 


5. Estimation of the volatile acids in resultant liquids. The liquid, after 
filtration, was acidulated with sulphuric acid and distilled with additions of 
water as the liquid in the distilling flask became concentrated. The distillate 
was subsequently treated with an amount of baryta solution sufficient to 
neutralise the acid present, and the neutral liquid, after the separation of a 
certain amount of precipitate, evaporated to dryness in a weighed dish. The 
residue, after weighing, was treated with sulphuric acid and heated in order 
to remove the volatile acids. From the weight of sulphate obtained and the 
amount of barium salt decomposed the molecular weight of the volatile acid 
was calculated. 


Table X. 

Weight of barium Weight of Ba Mol. weight of acid 
salt taken BaSO, in salt if monobasic 
1-7316 1-5448 52-50 64-40 
1-0844 0-9581 51-90 65-80 


The percentage of Ba in barium propionate is 48-5 and in the acetate 53-8; 
therefore the above results appear to suggest that the volatile portion of the 
products of the desamination of asparagine is a mixture of acetic and propionic 
acids. 

6. Estimation of the non-volatile acids in resultant liquid. With regard to 
the non-volatile portion of the acid products it was found a matter of con- 
siderable difficulty to obtain a reliable method of estimation. Finally the 
following method of procedure was decided upon. The experimental liquid 
was neutralised with sulphuric acid heated to boiling point and treated with 
an excess of precipitated calcium carbonate, and after boiling for about seven 
minutes filtered. The clear filtrate was concentrated and filtered to remove 
any calcium succinate which separated out, and then treated with about ten 
times its volume of 95 °% alcohol. This precipitated any calcium malate, which 
is practically insoluble in 85% alcohol. It was found that a convenient 
method of procedure was to filter through a Gooch crucible, for the salt could 
then be easily taken into solution again if necessary, or transferred to an 
evaporating basin for decomposition with sulphuric acid. 

The results given below tend to show that a considerable amount of malic 
acid is produced in the desamination of asparagine by yeast in the conditions 
of experiment described. 


Table XI. 
Weight of Ca Weight of o% Ca Mol. weight 
salt taken CaSO, in salt of acid 
0-6166 0-4896 23-36 132-8 


0-7392 0-5897 23-48 133-5 


470 L. H. LAMPITT 


Calculated for calcium malate Cy,H,0;Ca. Ca 23-25 %. 

Molecular weight of malic acid = 134. 

Total weight of calcium salt obtained from 2 g. asparagine = 1-3558 g. 

Weight of asparagine corresponding to Ca salt obtained = 1-18 g. 

Amount of asparagine decomposed (by nitrogen) = 1-623 g. 

7. Fermentation of malic acid and ammonium malate, Investigation of the 
power of yeast to ferment malic acid was conducted on a solution containing 
1 %, malic acid and 10 % cane sugar with pure culture yeast, but the results 
showed that no acid was destroyed. In the case of the ammonium salt, the 
procedure was as follows: 1-0 g. malic acid was dissolved in water and the 
solution neutralised by ammonia; 20 ¢. of sugar and 20g. of pressed yeast 
were added and the mixture made up to 250 ce. The solution was kept at 37° 
and a vigorous fermentation ensued which was practically over in three days. 
The progress of the action was followed in two ways (1) by estimation of the 
amount of nitrogen extracted from the liquid; (2) estimation of the decrease 
in the amount of malic acid present. Both series of determinations were 
carried out in the manner previously described, and yielded the results shown 
in Table XII which prove that ammonium malate is fermented by yeast. 


Table XII. 
(a) Nitrogen determinations (b) Acid determinations 
Time in Nitrogen in Corresponding  °% salt Weight of Corresponding  % salt 
hours liquid weight of salt fermented Ca salt wt of (NH,) salt fermented 
0 0-1127 0-6762 Nil 0-7066 0-6902 Nil 
24 0-0978 0-5868 13-20 0-6160 0-6017 12-82 
96 0-0801 0-4806 28-90 0-5081 0:4964 28-08 


8. Products of the action of yeast on ammonium malate. After the separation 
of the malic acid precipitate the filtrate was carefully evaporated to dryness 
at 40° in vacuo. This solution should contain ammonium carbonate (by the 
double decomposition of calcium carbonate and ammonium malate) and the 
calcium salt of any acid formed during the fermentation. The residue there- 
fore of this solution was gently heated, with a result that practically the whole 
of it decomposed, proving it to be ammonium carbonate. The very slight 
amount of residue left undecomposed was quite inestimable. 

Thus it appears that the only product of the fermentation of ammonium 
malate is ethyl alcohol. 

9. Fermentation of ammonium propionate. The results of experiments are 
given in Table XIII, which show that this salt is also decomposed by yeast. 
The products of the action were not analysed. 


Table XIII. 
(a) Nitrogen determinations (b) Acid determinations 
Time in Nitrogenin Corresponding % salt Weight of Corresponding % salt 
hours liquid weight of salt fermented Basalt wt of (NH,) salt fermented 
0 0-0916 0-5954 Nil 0-9350 0-6013 Nil 
24 0-0875 90-5685 4-52 0-8868 0-5703 5:16 


96 0-0786 0-5110 14-14 0-7980 0-5132 14:65 
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Part III. INVESTIGATION OF THE EFFECT OF VARIATION IN THE AMOUNTS OF 
AMINO-ACID AND OF SUGAR ON THE ASSIMILATION OF NITROGEN FROM 
AMINO-ACIDS BY YEAST. 


It has already been found (Part I) that the amount of nitrogen extracted 
from an amino-acid by yeast varies very considerably with the change in the 
concentration of the yeast cells, but, so far, the experiments have always been 
made with an excess of amino-acid and a large amount of sugar available for 
fermentation. 

In the first place zymatic activity is necessary for the absorption of nitrogen 
by yeast, the results of a series of experiments conducted by treating amino- 
acid solutions with yeast in the absence of sugar proving that no nitrogen was 
extracted. On the other hand a further series, in which the relative rates of 
fermentation of sugar and decomposition of amino-acids were determined, 
showed that, although the one is no definite function of the other, yet the 
activity of the zymase does exert a stimulating effect on the desamination of 
the amino-acids. 

A rapid fermentation, however, does not mean rapid absorption of nitrogen, 
for experiment shows that if fermentation is extremely rapid and consequently 
soon over, the desaminating enzymes apparently have not sufficient time to 
reach a state of activity and as a result little absorption of nitrogen takes place. 

As regards the effect of the second factor mentioned above, viz., variation 
in the amount of amino-acid, investigation shows, as would be expected, that 
the quantity of nitrogen extracted is not proportional to that of amino-acid 
originally present, although the results obtained give some evidence that the 
nitrogen-content of the solution does influence the nitrogen absorption. 

Worthy of note are the varying amounts of nitrogen which a yeast will 
assimilate under conditions apparently similar. Thus it has been observed 
that, with a 10 % sugar solution containing | °%, nitrogen as asparagine and 
seeded at the rate of 100 cells/7’, the nitrogen absorbed in 24 hours has varied 
from 21-7 % up to 37-2 % of the amount originally present. It has, indeed, 
been already shown that the nitrogen content of the seed-yeast has an influence 
on the absorbing capacity, but in a number of cases two samples of the same 
yeast, after apparently identical treatment, have absorbed appreciably 
different amounts of nitrogen. It seems probable that such differences depend 
on physiological conditions of which we are as yet ignorant. 

It has been found from the large number of fermentations conducted in 
this investigation that on an average a normal yeast seeded at the rate of 
100 cells/7 will extract in 24 hours 0-0250 g. of nitrogen per 100 cc. of the 
fermenting solution, but after the lapse of 48 hours—when the extraction will 
generally have reached its maximum—this amount may have increased to 
0-0450 g. 


a 
bo 


L. H. LAMPITT 


Haeperimental, 


|. Action of living yeast on amino-acids in the absence of fermentative 
activity. A washed brewery yeast was seeded into a solution of asparagine 
containing 0-2 % of nitrogen (1-072 g. of asparagine per 100 ce.). The liquid 
was subsequently maintained at 37° and at intervals of 12 hours quantities 
of about 75 ce. were withdrawn and filtered, the nitrogen being estimated in 
50 ce. of the clear filtrate. (Schleicher and Schiill’s No. 572% filter papers are 
found to be especially suitable for the complete separation of yeast cells from 
fermented solutions.) The results thus obtained are as follows: 


Table XIV. 
Time in hours... Soc 3060 0 12 24 36 48 72 
Nitrogen in liquid (g. per 100 cc.) 0:2016 0-2002 0-2022 0-2038 0-2040 0:2044 

The only conclusion to which these figures lead is that without fermenta- 
tion no assimilation of nitrogen takes place. No importance can be attached 
to the apparent slight decrease of nitrogen during the first 12 hours, although 
later experiments seem to show that, if the yeast is in a healthy condition, 
assimilation may occur to a very slight extent, this probably being due to the 
still incomplete subsidence of the stimulus caused by a previous fermentation. 

The gradual increase observed in the nitrogen-content of the solution after 
the initial 12 hours is of greater importance than is at first evident; this point 
is considered in detail in Part IV of the present paper. 

2. Relationship between nitrogen assimilation and zymatic activity. The 
relative rates of assimilation of nitrogen and of fermentation were determined 
by means similar to those employed in the experiment described above, except 
that the solution here contained 10 % of cane sugar. The progress of the 
fermentation was followed by estimations of the sugar content of the liquid 
according to Bertrand’s method. The results obtained are shown in Table XV. 


Table XV. 
Time in hours 0 6 12 24 30 36 48 60 
°¢ sugar in solution 100-00 = 71:00 ~—- 31-00 5-00 2:75 1-20 1-20 1-20 
% nitrogen in solution 100-00 — 78:00 62-80 a 49:70 42-40 42-50 


Examination of these figures reveals two important points: (1) the rate 
at which nitrogen was assimilated in this experiment was practically constant 
for the first 30 hours, but subsequently underwent rapid diminution until 
after 50 hours absorption of nitrogen had practically ceased: (2) although 
fermentation of the sugar had practically ceased after 30 hours, the assimila- 
tion of nitrogen continued for 50 hours. 

3. Effect on nitrogen assimilation of rapid fermentation. Very rapid fer- 
mentation was induced by seeding three 10 % sugar solutions containing 1 % 
nitrogen as asparagine with yeast at the rate of 300 (A), 200 (B), and 100 (C) 
cells/T’ respectively. After the lapse of 12 hours visible fermentation had 
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ceased in A and had nearly ceased in B, whilst C was still fermenting vigorously. 
At the end of 24 hours, estimations of nitrogen in the usual way gave the 
following results: 


Table XVI. 
Experiment ... Sue A B Cc 
Rate of seeding Sac 300 200 100 
% nitrogen assimilated 8-50 16-80 22-60 


4. Effect on nitrogen assimilation of the amount of available nitrogen present. 
The liquids employed consisted of 10 °% solutions of cane sugar and a saturated 
solution of asparagine, these being mixed in proportions to bring the nitrogen 
content to 2-0, 1-0, 0-4 and 0-2 % respectively. These mixed solutions were 
then seeded with yeast at the rate of 100 cells/T and allowed to ferment at 37°. 
The fermentations were apparently complete in 24 hours, at the end of which 
time the amounts of nitrogen remaining in the various solutions were esti- 
mated. 

The following are the results obtained: 


Table XVII. 
Total nitrogen as g. per 100 ce. 

ee —— % nitrogen 
Experiment _—_ Initial Final assimilated 

A 2-0000 0-9000 55:00 

B 1-0000 0-5083 49-17 

Cc 0-4000 0-2889 27-78 

D 0-2000 0-1549 22-55 


Expressed as ratio, these figures are as follows: 

Total nitrogen introduced in A: B: C: D; 100: 50: 20: 10. 
Total nitrogen assimilated in A: B:C: D; 100: 44-7: 10-1: 4-1. 

It must therefore be concluded that the smaller the amount of nitrogen 
available for extraction from the solution, the less is the power of the yeast to 
extract the nitrogen. 

Further elucidation of this point was attempted by means of a series of 
experiments in which a 10 °% solution of cane sugar containing 0-03, 0-04, and 
0-05 g. respectively of nitrogen as leucine per 100 cc. of solution was fermented 
in the manner described above. Leucine was chosen here because asparagine 
contains both “amino” and “amido” nitrogen, and previous experiments had 
shown that nitrogen is not absorbed at the same rates from these two groups. 
It was therefore thought that with such small amounts of nitrogen present in 
the solutions here involved, the use of leucine would present fewer difficulties 
than that of asparagine. Estimations of the amounts of nitrogen present in 
the solutions were made at intervals of 24 hours, with the following results: 


Table XVIII. 


Final nitrogen 


Tnitial — A+, 
Experiment nitrogen 24 hours 48 hours 72 hours 96 hours 
A 0-0300 0-0120 0-0030 0-0037 0-0050 
B 0-0400 0-0170 0-0060 0-0045 0-0049 
Cc 00500 0:0230 0-0107 00050 0-0045 


Bioch. xu 32 


474 L. H. LAMPITT 


These numbers confirm that (1) the greater the amount of available nitrogen 
the greater the initial rate of extraction, and (2) that, in all cases but C, before 
all the nitrogen has been absorbed, an increase in the nitrogen content of the 
solution is to be observed. This latter is a most important point as is shown in 
the final part of this paper. 


Part IV. THe APPARENT EXCRETION OF NITROGEN BY YEAST. 


Towards the end of Part ITT of this communication it was pointed out that 
experiments seemed to indicate that under certain circumstances yeast may 
lose nitrogenous matter, and, for want of a better term, this may be called 
“nitrogen excretion.” 

A preliminary experiment showed that a yeast of high nitrogen content 
(in the case in point the yeast contained 10-3 % of nitrogen on the dry matter) 
would, under certain conditions, lose about 35 % of its nitrogen in fermenting 
a pure cane sugar solution. That this excretion did not wholly consist of 
bodies detrimental or useless to the yeast cell was shown by the fact that 
these bodies could be partly reassimilated by another yeast suggesting that 
the action is not a true excretion. In the following pages, however, this term 
has been applied to this peculiar action of the yeast. 

Apparently the increase in the nitrogen content of a fermenting solution, 
resulting from this action, may be explained in two ways. It may be the result 
of (1) a “normal” excretion of nitrogen by the yeast cell, or (2) a disintegration 
of the cells consequent upon the commencement of auto-digestion. If the 
action is normal then it would be thought that a high-nitrogen yeast! could, 
cell for cell, excrete more nitrogen than a starved yeast. On the other hand, 
if the excretion is a pathological condition, then the starved yeast should be 
more prone to auto-digest and consequently should release its nitrogen con- 
stituents more rapidly. Experiment showed, however, that this was not the 
case, but that conversely a well-nourished, high nitrogen yeast excreted more 
nitrogen in fermenting a certain amount of sugar than a starved yeast. Due 
however to the differences in the fermentative powers of yeasts under certain 
conditions difficulties in comparison were found as is explained in the experl- 
mental section. 

The question naturally arises, “Is this action contingent on the life of the 
yeast cell, or only connected with the zymatic activity?” Experiment soon 
proved that the action was essentially a living one, for a sample of dried yeast 
containing very active zymase was introduced into a sugar solution in amount 
to make it comparable with the living yeast experiments, and it was found 
that between the sixth and one hundred and twentieth hours of fermentation, 
the liquid only gained about one-eighth the amount of nitrogen excreted by 
the living yeast. Another experiment in which all the enzymes had been de- 


* It must be emphasised that in all these experiments one race of yeast was used; reference 
to a high-nitrogen yeast always means a well-fed yeast, containing a large percentage of nitrogen. 
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stroyed gave a similar result, proving that the action is essentially a vital 
phenomenon. 

This being the case, one would naturally expect the amount of excreted 
nitrogen to be proportional to the number of cells present, and experiments 
seeded with 10, 20, 30, ete., to 150 cells per 7, showed that the yeast yielded 
to the liquid while fermenting a 10 % cane sugar solution amounts of nitrogen 
proportional to the number of cells present. The initial nitrogen coefficient of 
the yeast was 0-0019, and the average loss per unit cell was 0-00011 in two 
days, and 0-00014 in five days, that is to say, the yeast excreted 5-78 % of its 
nitrogen in 48 hours, and 7-36 °% in 120 hours. 

Not only, however, is this activity dependent upon the life of the yeast, 
but it is also dependent upon the zymatic activity. For example, fresh yeast 
seeded at 100 cells/T into pure water yielded 0-41 g. N per 100 cc. in 72 hours, 
which amount had not perceptibly increased after 120 hours, while a similar 
seeding into a 10 % cane sugar solution gave 0-71 g. in 72 hours and 1-70 g. 
in 120 hours. There is, therefore, some connection between nitrogen excretion 
and fermentative activity. Before studying this connection it was necessary 
to consider to what extent the time factor enters into the excretory action. 

A solution of invert sugar was seeded with yeast at the rate of 75 cells/T 
and maintained at 20° during fermentation. At intervals of time the progress 
of the fermentation was estimated, and at the same time the amount of nitrogen 
in the solution was determined. From confirmatory series of experiments it 
was found that the rate of fermentation of the invert sugar present was con- 
stant for about 16 to 20 hours, then rapidly decreased, until at 36 hours it had 
ceased. On the other hand the nitrogen excretion progressed regularly for 
about 75 hours, after which it rapidly decreased, and after the 110th hour the 
action had apparently terminated. 

The constant rate of excretion was approximately, in two series A and B, 
0-000419 and 0-000384 g. N per hour for 75 cells/7.. Compared with the results 
of a previous experiment the excretion in 24 hours per unit cell would be in 
these two cases 0-000134 and 0-000123 as against 0-00011 previously found. 
Variations to this extent have constantly been found to occur, and are pro- 
bably due to the exact physiological state of the initial seed yeast. 

The most important conclusion to be drawn from these two experiments is 
that although there is no direct relation between fermentation and excretion, 
the activity of the zymase stimulates the latter action, and the cessation of the 
metabolic ‘changes thus stimulated does not coincide with the apparent ter- 
mination of the fermentative activity. As would be expected the zymatic and 
excretory powers of the yeast cell are two distinct functions, but the activity 
of the former in some way stimulates the latter into action. 

This stimulatory action of fermentation was proved very clearly as 
follows. Water was seeded with fresh yeast at the rate of 100 cells/7’, and 
allowed to stand for 30 hours during which time two nitrogen determinations 
were made. At the thirtieth hour sugar was added and nitrogen determinations 
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were again made on the liquid at subsequent intervals of time. No sugar was 
added to a second experiment and the differences in the amounts of nitrogen 
found in the two cases were very striking. For example after 72 hours the 
amount of N in the sugar solution was 1-07 g. per 100 ce. and 0-41 ¢. in the 
aqueous Suspension, 

Consequently nitrogen excretion is, to a certain extent, dependent on the 
zymatic activity of the yeast, and as the expression of the latter is the amount 
of fermentation, it appeared desirable to investigate the effect of the variation 
of the amount of sugar available. Solutions containing differing amounts of 
cane sugar were fermented with samples of the same yeast, and nitrogen 
determinations made after 24, 48, 72, and 120 hours. The results obtained 
show the great stimulating effect on the nitrogen excretion of increase of the 
amount of available sugar from 1% to 5 %—confirmatory results being 
obtained for all periods of time. The stimulatory effect rapidly decreases, and 
above 10 % sugar increase does not result in an appreciable increased rate of 
nitrogen excretion. 

The nitrogen thus excreted may be derived from 

(1) the reserve nitrogenous food material in the yeast cell, in which 
case the loss of nitrogen should terminate with the exhaustion of that reserve 
material, 

(2) the nitrogenous tissue of the cell itself and, if this is the case, if 168 
possible that the continued action may result in the death of the organism. 

It is, of course, difficult to keep a yeast in a state of prolonged fermentative 
activity in a solution because of the accumulation of the products of fermen- 
tation which eventually destroy the zymatic activity, but a similar state was 
obtained by continually transferring a yeast from one sugar solution to 
another as soon as fermentation finished in the first case. In this way it was 
found that after five such fermentations the zymatic activity of the yeast was 
practically destroyed, although, on introducing the exhausted yeast into a 
wort, after 24 hours 85 % of the cells appeared to be in good condition and 
55 % of them were budding. Consequently after the fifth fermentation al- 
though exhausted the cells were not dead, and rapidly regained a normal 
condition. During these successive fermentations the yeast lost 37-8 °% of its 
nitrogen, its nitrogen coefficient decreasing from 0-00200 to 0-00124. This 
experiment demonstrates that a yeast can lose more than a third of its 
nitrogen, but that further loss results in the disablement of the cell, with a 
consequent loss of its fermentative capacity. 

All the work so far described may be said to have been concerned with 
yeast under abnormal conditions, the abnormality consisting in the absence 
of nutrient matter from the sugar solution. Much work.of a fruitless character 
was undertaken to determine whether this excretory action takes place while 
the assimilatory processes are also progressing, such, e.g. as the tracing during 
fermentation of solutions containing small amounts of asparagine, leucine, 
alanine, etc., of the amino-index, for the index of the excreted nitrogenous 
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matter is not that of the amino-acid. Finally it was found that the best method 


_Was precipitation of the fermented solution by phosphotungstic acid, for 


35-37 % of the excreted matter is precipitated by this reagent. The method 
employed consisted of the fermentation of sugar solutions containing non- 
precipitable nitrogenous matter, with subsequent estimation at intervals of 
the nitrogen precipitated by the reagent. 

The results conclusively proved that even when rapid assimilation of 
nitrogen was taking place, excreted nitrogen could also be found in the solution, 
although the absolute amount under different conditions was subject to wide 
variation, the cause of which was not determined. 


Expervmental, 


1. Preliminary experiment. A 20% cane sugar solution was seeded with 
yeast containing a high percentage of nitrogen, at the rate of 100/7,, and during 
fermentation carried out at 10° (in order to obtain a slower action) the nitrogen 
in solution was determined every 24 hours. The yeast employed was a sample 
of brewer’s yeast and from Table XIX it will be seen that during its fermenta- 
tion (which, judged by the settlement of the yeast, lasted about seven days) 
it lost a very considerable amount of nitrogen to the liquid, 


Table XIX a. 

Time in hours ie as 24 48 72 96 120 240 
N in liquid as g. per 100 ce. 0-0760 0:0840 0-1520 — 0:2440 03360 
Table XIX b. 

Total N in Total N in % N in yeast % N lost 
solution yeast on dry matter by yeast 
Initial Nil 1-3520 10-30 — 
Final 0-3360 1-0160 7-74 24-85 


2. Assimilation by yeast of nitrogenous matter previously excreted. After the 
fifth day of fermentation, 250 cc. of the solution was extracted, filtered and 
vacuum distilled at 40°. In this way the residue was obtained free from alcohol 
and water at a temperature at which practically no change would have taken 
place in the constitution of the amino-acids. The residue so obtained was 
dissolved in 10 % sugar solution and fermented with a normal yeast in the 
ordinary manner. The yeast contained 8-2 % nitrogen on the dry matter; 
nitrogen determinations made on the solution gave the following results: 


Table XX. 
Time in hours 0 48 120 
Total N in solution 0:0620 00240 0:0370 


The fermentation was practically over at the end of the second day when 
61-30 % of the original nitrogen had been reassimilated by the yeast, and it is 
interesting to note that at the end of five days a further excretion had taken 
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place. This suggests that about one-third of the original excretion is not 
assimilable by the yeast, which may be that portion precipitable by phospho- 
tungstie acid, 

3. Comparison of the excretory powers of yeast of high and low nitrogen 
coefficient. Sample A was a well-nourished yeast containing 9-2 % nitrogen 
on the dry matter, while B only contained 7-0 % of nitrogen. The yeast was 
introduced at the rate of 100 cells/7' into 10 °% sugar solution and fermentation 
allowed to proceed at 37° for four days, during which time determinations of 
the nitrogen content of the solution were made after 48 hours and at the 
termination of the experiment. 


Table X XI. 
N in liquid 


% N in yeast on 


Yeast condition dry matter 48 hours 96 hours 
High nitrogen 9-2 0-3052 0-3648 
Low nitrogen 7:0 0-2027 0-3500 


The starved yeast was sluggish of action and did not finish fermentation 
until the expiration of four days, the well-fed yeast had completely finished 
in less than 48 hours. The figures show the stimulatory effect of fermentation 
on the excretion of nitrogen, an effect which is more fully studied in a later 
experiment. 

4. Comparison of living and air-dried yeast as regards nitrogen excretion. 
A yeast which had been air dried at 37°, and afterwards ground up in a mortar, 
was used, the preparation having been made some 12 months before use. 
Sufficient was added to a 10 °% sugar solution to bring the nitrogen content of 
the solution up to 0-1352 N per 100 ce., thus making comparison with the 
experiment previously described possible. The mixture was allowed to stand 
at 37° and a vigorous fermentation took place, showing that the zymase was 
still in a state of activity. After periods of 6 and 120 hours the nitrogen con- 
tent of the solution was measured, the amount of nitrogen introduced into 
the solution mechanically being obtained from the first reading. 


Table XXII. 
N in solution g. per litre 
Experiment 6 hours 120 hours 
Dried yeast 0:0304 0:0568 
Living yeast 0°0150 0°2440 


In the case of the dried yeast it is obvious that 0-0304 ¢., or nearly 60 %, 
of the total amount of nitrogen given to the solution, was introduced me- 
chanically in a soluble form, while it is to be noted that in 120 hours the total 
amount given to the liquid is less than 25 °% of that excreted by the living cell. 

5. Comparison of living yeast with one in which all the enzymes had been 
destroyed. The experiment was conducted on exactly parallel lines, except that 
yeast previously dried at 95° was used, and gave the results set out in the 


following table, im which the figures for living yeast are shown for purposes of 
comparison. 
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Table XXIII. 


N in solution g. per litre 


Experiment 6 hours 120 hours 
Dried at 95° 0-0535 0-0862 
Living yeast 0-0150 0-2440 


6. Effect of varying the amount of yeast present. A series of experiments 
was made in which 10 % sugar solution was seeded with yeast at the rate of 
10, 20, 40, 80, 150, and 320 cells/7. On plotting the results it became apparent 
that as far as this series went, the excretion varied in a regular manner with 
the amount of yeast present. The latter points, however, were so far apart in 
comparison with the first three, that the experiments were repeated in an 
extended form, 15 fermentations being carried out, the seeding being from 10 
to 150 cells per unit volume. Nitrogen determinations were made at the end 
of 48 and 120 hours, those in the lower seedings being made on amounts of 
liquid varying up to 250 cc. The results—Table XX1V—are given as grams of 
nitrogen per litre. 


Table XXIV. 
| Rate of seeding... 10 20 30 40 50 60 70 80 
' Nitrogen in solution 
| after 48 hours ... -- 0-021 — 0-048 0-054 0-064 0-076 0-122 
i Nitrogen in solution 
after 120 hours ... 0-025 0-024 0-050 0-055 0-068 0-081 0-104 0-110 
Rate of seeding... 90 100 110 120 130 140 150 
Nitrogen in solution 
after 48 hours ... oo = 0-116 0-132 0-136 — 0-144 
Nitrogen in solution 
after 120 hours ... 0-131 0-129 0-144 0-172 0-208 0-192 0-221 


The results are expressed graphically in Fig. 1, and it must be remembered 
on examining these figures that the vertical scale is a very large one, so that, 
excluding the 80 cell experiment in the second day, the greatest error occurs 
in the 120 cell experiment, and is equal to 0-00084 g. N per 100 ce. 

The curves show without doubt that the amount of nitrogen excreted is 
proportional to the amount of yeast introduced into the sugar solution, other 
factors being constant. 

The following table shows, in brief, the loss of nitrogen by the yeast. 


Table XXV. 
Nitrogen coefficient x 104 
Sek Se % N lost 
Time Initial Final by yeast 
48 hours 19-0 17-9 5-78 
120 hours 19-0 17-6 7:36 


7. Effect of the time factor in nitrogen excretion. A solution of invert sugar 
containing 10 g. per 100 cc. was seeded with yeast at the rate of 75 cells/T and 
allowed to ferment at 20°. For the first two days the amount of sugar fer- 
mented and the nitrogen excreted were determined every two hours from 
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8 a.m. to 8 p.m. and afterwards with varying intervals of time for five days'. 


The following are the results of two experiments: 


240 


200 


160 


120 


Nitrogen excreted in mg, 


ioe) 
oO 


40 


Time in hours 2 4 
Sugar fermented 1-70 1-80 
N excreted* — )-90 


Time in hours 36 48 
Sugar fermented 9-88 9-90 
N excreted* 1-56 1:66 


40 


80 


Cell concentration 
Fig. 1. 


120 160 


Table X XVI. 


Experiment A. 
6 8 10 12 24 26 28 30 32 34 


2:90 4-60 5:50 6:90 8-70 9:50 9-62 9:73 9-85 9-87 
0:74 0-76 1:26 0-84 1-18 — 1-28 — {1:34 1-30 
52 56 60 ies 78 84. 96 * 2102) 2420 By 
OS ee a RO OO On ES Constante: aigcosen ch eee eee 
1-70: U-64 1-94 2:14) (2-112, 2-12) 2-02) 2-20) 92-225 2-26 


* As g.x 10? per 100 cc. 


1 The invert was prepared from cane sugar by taking a 40 % solution and hydrolysing in a 


steam steriliser for three hours with 5 cc. of strong hydrochloric acid per litre of solution. 


The 


optical rotation was then found to be constant, the acid was neutralised with sodium hydrate, 
and the solution diluted until it contained 10 % invert sugar. The determinations of the invert 
were made according to the method of Bertrand (Manipulations de Chemiz Biologique). 
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Table XXVII. 
Experiment B. 


Time in hours ... aor 12 14 16 18 20 22 24 36 40 

% sugar fermented... 55:5 60-5 74-5 — 85:0 87:0 93:8 98-7 98-8 
Niexcreted* =v: ane 0-98 1:04 088 — 1-20 1:24 1-70 —- 

Time in hours ... Sis 44 48 60 66 72 84 90 96 108 120 
% sugar fermented... CERO) “CEES “Osi “cere mo pepper (COTS ET OU Aro Boon pHa Oe ODOC 
INGexcrefed + sc. ae -— 1:90 1:94 2:06 2:42 — 2-72 2-82 3:32 2-96 


* As g. x 10? per 100 cc. 


From these two sets of experiments (see Fig. 2 for Exp. A), which confirm 
each other, it will be seen that the fermentation proceeds regularly for about 
16 hours in the first case, and for about 20 hours in the second; after this period 
the rate decreases and practically all the fermentable matter has been removed 
in 36 hours in both cases. The excretion of nitrogen, however, proceeds regularly 
for nearly 70 hours in Experiment A and for 84 hours in Experiment B, after 
which its rate rapidly decreases and another stage is apparently reached after 
the 110th hour. 

8. Effect of zymatic activity on nitrogen excretion. Water was seeded with 
fresh yeast at the rate of 100 cells/7 and allowed to stand for 30 hours, during 
which time two nitrogen determinations were made. At the thirtieth hour 
fermentation was induced in one portion by the addition of cane sugar at the 
rate of 10 g. per 100 cc. of solution (Exp. A) while the other was left as a mere 
suspension (Exp. B). Nitrogen determinations after successive intervals of 
time gave the figures shown in the following table, which clearly prove the 
great stimulatory effect of fermentative activity. The somewhat large amount 
of nitrogen given to the solution by the yeast alone may be attributed to its 
fresh and healthy condition when first introduced into the solution. The 
results are expressed graphically in Fig. 3. . 


Table XXVIII. 
Time in hours ... 20¢ aoe 30 48 54 72 96 120 
Exp. A { N excreted as a 0-21 0-55 0-48 1-07 1-44 1-70 
Exp. B | g.x10? per 100cc. (0-16 0-21 0-28 0-34 0-41 — — 


9. Effect on nitrogen excretion of available sugar. Fermentation may be 
regarded as a function of the sugar present, and consequently the sugar factor 
appeared to be an important one. Solutions containing 1-0, 2-0, 3-0, 4-0, 5-0, 
10-0, 20-0, and 40-0 °%, of sugar were subjected to the action of yeast, seeded 
at the rate of 100 cells/7', the fermentation being allowed to proceed at 20°. 
After 24, 48, 72 and 120 hours the nitrogen in the liquid was determined, with 
the results given in Table X XIX. 


Table X XIX. 
Sugar content % 1 2 3 4 5 10 20 40 
N After 24 hrs. 0-20 = 0-28 0-28 0:27 0-30 0:33 0:36 
excreted] = 4g 0-26 80) 028) (ORT. O98. © Dao +048 
3 S108) cematZan 027 0-30 — 634 035. o42 SAOab SLED 


per | pee Oy ag 0-28 0:35 0-38 _ 0-40 ye 0:53 0-58 
100 ce. 
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These figures have already been studied in the theoretical part of the paper, 
and it only remains to be said that graphically they demonstrate very clearly 
the conclusions drawn. 

10. Effect of exhausting the fermentative powers of the yeast. A litre of 20 %, 
cane sugar solution was seeded with yeast—nitrogen coefficient 0-0020—at the 
rate of 100 cells/T, and the fermentation allowed to proceed at 37°. At the 
conclusion of the fermentation—about 32 hours—the yeast was washed once 


180 


150 


120b- 


90 


Nitrogen excreted in mg. 


60 


30 


30 60 —90 120 


Time in hours 
Fig. 3. 


by decantation and filtered off through a Buchner funnel. The liquid, which 
was not quite clear, was treated with alumina cream, refiltered, and the 
perfectly bright filtrate acidulated with 100 ce. N/20 sulphuric acid (to prevent 
the escape of any ammonia) and concentrated to 200 cc. The nitrogen was 
determined in an aliquot portion of this solution. 

The previously separated yeast was introduced into a further litre of 20 % 
sugar solution and allowed to ferment at 37°. The process of separation was 
carried out as described above, at the termination of the fermentation and the 
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whole process repeated. After the third fermentation the yeast had assumed 
an appearance altogether different from its original condition, for, although 
the cells looked perfectly healthy and approximately 5% of them were 
budding, the mass was of a slimy, sticky nature, extremely difficult to filter. 
This appearance was much more marked after the fourth fermentation, which 
had been of a sluggish nature, and had taken much longer to commence, and 
when the yeast was introduced into the sugar solution for the fifth time the 
action was extremely slow. The yeast separated from this fermentation had 
apparently lost its zymatic power, but on being introduced into a wort 
(gravity 10535) it was found that after 24 hours about 85 % of the cells seemed 
to be in a fairly good condition and about 55 % of them were budding. 

The revivified yeast was again sown into wort, and after a further 24 hours 
only a very few poor cells were to be seen, and the majority were budding, 
thus demonstrating that although after the fifth fermentation the yeast was 
very exhausted, the cells were not dead. The following figures show the 
amounts of nitrogen lost during the successive fermentations: 


Table XXX. 


No. of fermentation ... 506 1 2 3 4 5 
N excreted during fermentation 0-1160 0-1554 0-1967 0:1596 © 0-1293 
Total amount of N excreted 0-7570 
Total N originally in the yeast 2:0000 g. 
°%, N lost during five fermentations 37°85 


There is apparently no explanation of the irregularity of the amounts of 
nitrogen excreted during different intervals, unless it be, and this is perhaps 
an important factor, that the aeration of the cells between the successive 
fermentations varied in amount and in efficiency; this might easily result from 
the varying states of the yeast and consequently the slightly different methods 
of filtration employed. However, the experiment demonstrates that during 
fermentation the yeast has excreted 37-8 °% of its nitrogen, and not only this, 
but that further loss results in the disablement of the cell, with a consequent 
loss of its fermentative capacity. 

11. Determination of excretory matter in the presence of amino-acids. Leucine 
was added in varying amounts to 20 % cane sugar solutions and fermented 
with yeast introduced at the rates of 50 and 100 cells/7’; controls were made 
in which no yeast was added in one case and no sugar in another. At intervals 
the nitrogen was estimated as usual, and at the same time 50 ce. of the clear 
filtrate treated with 5 cc. phosphotungstic acid solution (10 % phosphotung- 
stic acid in 5 % sulphuric acid). The mixture was stirred and the precipitate 
which formed allowed to settle, which it did very well in about 12 hours. The 
supernatant liquid was then decanted off and the precipitate—which in 
character was of a rather heavy, flocculent nature, and of an almost white or 
pale clay colour—mixed with about 15-20 ce. of the precipitant [ Brown, 1903, 
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2] and filtered through an ordinary filter paper of a fairly loose texture’; 
nitrogen determinations were subsequently made on the clear filtrate. Table 
XXXII shows the figures obtained for one such series. 


Table XX XI. 
N pptd by 
Initial N Final N phospho- Change in N 
as after tungstic content of 
Exp. % sugar amino-acid 48 hours acid solution 
A 0 0 0-0052 0-0020 +0-0052 
B 0 0-0584 0-0600 Trace + 0-0016 
C 20 0 0-0528 0-0200 + 0-0528 
D 20 0-0584 0-0308 0-0232 —0-0276 
E 20 0-0630 0-0500 0-0232 —0-0130 
F 20 0-1168 0-0552 0-0306 —0-0616 


These figures show that: 

1. Where fermentation has not occurred, no precipitable nitrogen, or 
practically none, appears in the solution. 

2. The greater the amount of nitrogen assimilated, the greater the amount 
of precipitable nitrogen found. 


GENERAL CONCLUSIONS. 


1. Factors which influence the assimilation of nitrogen by yeast. 


(2) Excess of yeast ensures the removal of the greatest total amount of 
nitrogen. 

(b) During active fermentation the greater the coefficient of multiplication, 
the greater the amount of nitrogen assimilated by each cell. 

(c) Active reproduction may result in a lowering of the nitrogen coefficient, 
even when a large amount of available nitrogen is present. 

(d) The final nitrogen coefficient of a yeast is independent of the initial 
coefficient, and tends to reach a value constant for any particular conditions 
of reproduction. 


2. Mechanism of the extraction of nitrogen from amino-acids by yeast. 


(2) The amidase of Effront does not (as stated by him) produce solely 
a volatile acid by its action on asparagine, but also a non-volatile acid, 
probably malic acid. 

(b) If malic acid represents the first stage in the degradation of asparagine, 
it is not fermented as such, for the acid is unattacked by yeast. It may com- 
bine with NH, to form the ammonium salt which is completely destroyed by 
fermenting yeast, ethyl alcohol being the only recognised product of the action. 

1 The first runnings had always to be returned, but after a few minutes the filtrate came 
through quite bright. The clear liquid was warmed to about 40° and treated with ground baryta 
with constant stirring, in order to remove the excess of phosphotungstic and sulphuric acids. 
A slight excess only of the baryta was added, and the liquid allowed to settle, the clear liquid 
decanted off, and the remainder filtered and the precipitate washed. The excess of baryta was 
then removed by carbon dioxide, and the nitrogen estimated in the filtrate. It will be understood 


that in face of the number of processes extreme care was required to obtain concordant nitrogen 


readings. 
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(ce) Propionic acid (which Effront states results from the action of amidase 
on asparagine) is not fermentable, and its ammonium salt is attacked with 
difficulty by yeast. 


3. The influence of the available amino-acids and sugar on the nitrogen 

assimilation by yeast. 

(a) Fermentative activity is essential to nitrogen assimilation. The two 
actions are not proportionate, but the former stimulates the latter, and, once 
induced, desamination may continue after zymatic activity ceases. 

(b) Excessive zymatic activity does not ensure rapid nitrogen assimilation, 
in fact a quick fermentation results in only a small amount of nitrogen being 
extracted. 

4. Apparent excretion of nitrogen by yeast. 

(a) During fermentation yeast continually loses nitrogen to the liquid, and 
this action has been called “nitrogen excretion.”” Cases have been noted where 
more than 33 % of the yeast nitrogen was so lost, but further loss resulted in 
the disablement of the cell. 

(b) Nitrogen excretion is dependent on the life of the cell, and takes place 
even when nitrogen is being assimilated. 

(c) The bodies so excreted can be used by yeast as a source of nitrogen 
under suitable conditions. 

(d) Increase in the amount of sugar available for fermentation increases 
the rate of excretion, especially between the limits 1-5 % sugar, and although 
zymatic activity is necessary for nitrogen excretion, the two are not pro- 
portionate, nor does the cessation of the former result in an immediate cessation 
of the latter. 


The Author desires to acknowledge his great indebtedness to the late 
Professor Adrian J. Brown, F.R.S., for the kindly advice and sympathy 
extended to him during the course of the above research (which was concluded 
prior to 1914); to Mr T. H. Pope, B.Sc., for his keen interest in the work, and 
to Professor A. Harden, F.R.S., for his great assistance in publication. 


REFERENCES. 


Brown (1903, 1). Trans. Guinness Research Lab. 1, i. 25. 
(1903, 2). Trans. Guinness Research Lab. 1, ii. 177. 
Dakin (1904). J. Physiol. 30, 40. 

Dakin and Kossel (1904, 1). Zeitsch. physiol. Chem. 42, 182. 
(1904, 2). Bettrdge, 5, 321. 

(1904, 3). Betrdge, 5, 384. 

Effront (1908). Compt. Rend. 146, 779. 

(1909). Compt. Rend. 148, 238. 

Ehrlich (1905). Zeitsch. ver. deutsch Zucker Ind. 539. 

(1906). Ber. 39, 4042. 

Emmerling (1899). Ber. 32, 1915. 

Fitz (1879). Ber. 12, 474. 

Neubauer and Fromherz (1911). Zeitsch. physiol. Chem. 70, 326. 
Pringsheim (1906, 1). Ber. 39, 3713. 

(1906, 2). Ber. 39, 4048. 

Shiga (1904). Zeitsch. physiol. Chem. 42, 502. 


' 
: 
> 


XU THE ‘RELATIONSHIP OF LECITHIN TO 
THE GROW EH, CYCLE IN CRUSTACEA. 


By JAMES HERBERT PAUL ann JOHN SMITH SHARPE. 


From the Physiological Dept. of the University of Glasgow, and the 
Marine Biological Station, Mullport. 


(Received November 24th, 1919.) 


THE period leading up to moulting in Crustacea is characterised by certain 
metabolic and anatomical changes, some of which we have dealt with in 
previous papers [Paul, 1914; Paul and Sharpe, 1916]. Briefly, these are as 
follows. There is a marked increase of fat, glycogen, and calcium in the liver, 
the last reaching as much as 20 % of the dried weight of the organ. At the 
same time mitosis occurs rapidly in the cells of the integument and other 
tissues of the body, but no increase in the size of the animal takes place till 
the rigid shell is cast and rapid absorption of water makes the animal increase 
in size. 

When the moult is complete, an exodus of stored material takes place from 
the liver; the fat is broken down to glycerol and lower fatty acids before it 
enters the blood, and calcium is carried off as soaps of lower fatty acids to be 
deposited in the integument as calcium carbonate. Cell proliferation in the 
body then ceases, but increase in the size of the cells is marked. 

After a period of rest the crab again stores material in the liver in prepara- 
tion for the next moult. It has been found that as the period of moulting 
approaches the liver increases in weight relatively to the body. We have 
therefore employed the term hepatic factor to denote this relationship, and 
have applied it to the figure obtained by dividing body weight by weight of 
fresh liver. Shortly after moulting this factor may be 10 or 12, but as the 
storage goes on it may fall to five or even lower | Paul, 1915]. We therefore 
use the hepatic factor to indicate proximity to moulting. 

Fat is present in the liver in quantities varying from 20 to 30 % of the 
total gland. In this fat we found phospholipins. The question arose as to the 
relationship of these substances to the metabolic cycle, and we have examined 
many individuals of the Decapod Crustacea to determine what it is. 

The results of four of these examinations carried out on crabs (Cancer 
pagurus) at different periods between the moults are to be found in the table 
and graph hereunder. ; 
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Mernops. 
The legs were removed by the production of autotomy | Paul, 1915] at the 
breaking-planes, and the weight of the body was then taken. The fresh liver 
was removed and put into ether-alcohol mixture (50%). The fats were ex- 


tracted by repeated washings with ether and hot alcohol and weighed. The - 


fat was then ashed and the total amount of phosphorus present was deter- 
mined by the ordinary molybdate method. Using the formula C43,Hs;0gNPH 
| MacLean, 1918] this phosphorus was calculated to lecithin. 

We consider the above method more exact than that in which acetone 
is employed to precipitate the phospholipins as such, and the calculation has 
been made to true lecithin |MacLean, 1918] in all cases, for purposes of com- 
parison only. 


RESULTS. 


We find that the amount of fat in the liver increases both in total quantity 
and relatively to the weight of the body and liver as the animal approaches 
the moult. 

It is also made clear that the amount of phospholipin in the liver (caleu- 
lated to lecithin) diminishes both in total quantity and relatively to the weight 
of the body and liver as the animal approaches the moult. ; 


CONCLUSIONS. 


The relationship of phospholipin metabolism to developmental changes has 
been the subject of varied researches. 

Noél Paton has shown that lecithin accumulates in the ovary of the salmon 
at the expense of the inorganic phosphorus of the muscle [1898]. The same 
author has indicated the increased percentage of lecithin in liver fats of 
mammals during starvation, and has associated it with the storage of phos- 
phorus for nuclein formation [1896]. Hoppe-Seyler has demonstrated the 
high lecithin content of embryonic tissues [1887] and Pliimmer and Scott have 
indicated the marked diminution of lecithin in hens’ eggs during development 
of the embryo [1909]. More recently Brailsford Robertson, studying the 
development of certain sea-urchin eggs, has shown that there is a marked 
decrease of lecithin whilst nucleoprotein is increasing in the egg | Robertson 
and Wasteneys, 1915]. The same author, working with Burnett, has also 
described decrease in the rate of growth of carcinoma in rats, which he ascribes 
to the injection of lecithin into the tumor [1915]. Again, Brailsford Robertson 
has indicated by experiments on developing echinoderm eges that lecithin is 
the possible auto-catalyst of growth [1915] and Halliburton [1909] has pointed 
out that the formation of choline or choline soaps by the splitting up of lecithin 
or other phospholipins may cause that alteration of surface tension around the 
nucleus which is the prelude to division. 
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The present work therefore falls into line with previous researches. It 
shows that the phospholipin of crustacean livers decreases as cell proliferation 
advances, and the nuclei, though not the cell bodies, become larger. Since the 
integument is composed of calcium carbonate, the phosphorus cannot be 
associated with integument formation, comparable to calcium phosphate 
deposition in vertebrate bone. It is strongly probable, therefore, that at least 
some, if not all, of the phosphorus of the nucleoprotein molecule is derived 
from the phospholipin molecule. . 


ee LT ee ay i 

Weight Weight Fat Phospho- Liver Lecithin Lecithin 

without of fresh in lipin as fat 9/o Fat °/p J of 9/5 of Hepatic 
Crab legs liver liver lecithin of crab of liver crab liver factor 
1 283 53 10-95 0-077 3°8 20-6 0-03 0-7 5+ 
2 382 45-5 10-07 0-2179 2-6 22-1 0-057 2:1 8-39 
3 339 38-7 11-01 0-1892 3-2 28-4 0-055 1-7 8-7 
4 283 28-4 3°53 0-2091 1-2 12-4 0-07 5-9 10- 


A= Quantitative results in grams. 
B=Percentage results. These are graphically represented in relation to hepatic variation. 


Graph of percentage results. (Section B of Table.) 
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10 8-7 8-39 (Hepatie Factor) 5 — Moult 
(1) Hepatic phospholipin percentage of crab. 
(2) Phospholipin percentage of fresh liver. 
(3) Fat percentage of fresh liver. 
(4) Hepatic fat percentage of crab. 
On the Y-axis (1) Five small divisions =0-01 %. 


(2) 2 B/ SE%: 
(3) 2 » =5%,. 
(4) ” ” =1 %- 
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his encouragement in the work, and for his sound advice on such parts of it 
as were carried out in the Physiological Department of Glasgow University. 
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